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SIR, 

The great attention and zeal with which your Royal 
Highness has on all occasions fostered and patronised 
every attempt towards the improvement of the Arts and 
Sciences, and which have so eminently conduced to their 
rapid progress, suggested to me the propriety of soliciting 
the honour of dedicating the following treatise to your 
Royal Highness. 

I beg to return my most grateful acknowledgment for 
the distinction of having been permitted to inscribe, to so 
Illustrious a personage, a Work which contains the result 
of my practical experience of many years' labour in my 
more active days. 

The chief object which I have had in view, and which 
has not hitherto^ that I am aware of^ been attempted in 
the English Language^ is to give to the Philosopher, 
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and scientific Artist, an account of the Art^ from the 
earliest period to the present enlightened age^ and to 
endeavour to abridge the labour^ and accelerate the dex- 
terity of the practical and operative artisan. 

I have the distinguished honour to be^ 

Sir, 

Your Royal Highness's 

Most devoted, 

And obliged humble Servant^ 

THOMAS REID. 



EdinbuHoh, 
9,7th January, 1826. 



PREFACE. 



The Article Horology^ which I contributed to the 
Edinburgh Encyclopaedia^ abridged and imperfect as it 
is from the limits to which I was necessarily confined^ at- 
tracted the attention, and met the approbation of several 
scientific and practical Clock and Watchmakers; and a 
separate publication, in a more extended form, was called 
for by some, whose opinions I am bound to respect. 

Retired from the active pursuit of a profession, to which 
my whole life has been devoted, I have endeavoured to 
combine my own observations with those of the best prac- 
ticiil writers, and to give the operative Clock and Watch 
maker a condensed view of the Art in Great Britain 
and on the Continent of Europe. I am sensible the work 
still labours under many defects, and that I require the 
indulgence of the Critical Reader; yet I am unconscious 
of omitting, or slightly passing over any subject of essen- 
tial importance. 

At the advanced age of Fourscore^ I have now com- 
pleted a work, which will, with all its imperfections, I 
am willing to believe, prove a useful vade mecum to the 
Mechanic, for whosie use chiefly it was written, and who, 
I doubt not, will consider the solid information it may con- 
tain, of more value to him than the blandishments of 
a fine style; at the same time, it illustrates, by historical 
and biographical details, subjects which might otherwise 
prove dry and uninteresting to the young Artist. I am 
not without hope, also, that my labours may meet that can* 
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did reception from the Professors and Lecturers on Me- 
chanical Philosophy, at our Universities, Provincial 
Academies, and Mechanics' Institutions, to which such 
attempts for the advancement of useful knowledge are 
justly entitled. 

My not having complied with the wish of the late la- 
mented Professor Robison of this city, may perhaps be 
received as an apology for the absence of those theoretical 
and philosophical discussions which might otherwise have 
formed a prominent feature in the Work now submitted 
to the public. That learned gentleman, so early as 
1793, had projected a work on the theory and practice 
of Horology,* a subject which he had studied with 
particular attention; and, in a letter addressed to me, re- 
quested my assistance and participation in the composi- 
tion and publication of the proposed work. The active 
duties of an extensive business forbade my acceptance 
of so very flattering and apparently profitable proposi- 
tion: I have, however, endeavoured, to the best of my 
abilities, to supply the want of such a publication, unac- 
companied indeed with those spirited and scientific views 
of Mechanical Philosophy, wliich it would have derived 
from the aid of Professor Robison, yet, I flatter myself, 
not the less calculated for the practical Clock and Watch 
maker, nor for the student and amateur in those branches 
of minute mechanism, — the wonderful results of which 
arc every day unfolding themselves to the world. 

I have intrusted the publication and future revision of 
this Work to my friend and late partner, Mr. Wijlliam 
AuLD, a gentleman who is practically acquainted with 
the Art; and I have no doubt the subsequent editions^ 
should the publication ever require that circulation, 
will be found to keep pace with the march of general im- 
provement. 

* Sec Robison*s Mechanical Philosophy, edited by Dr. Brewster, vol. Vf. page 
609, iindcr the head of ** Watcmwobk. " 



CONTENTS. 



CHAPTER. I. — Introductory and historical remarks, Vick's 

clock, &c. 1 

II. — ^To find the number of vibrations in a minute or 
in an hour, havinc the number of wheel teeth 
and of tlie pinionicaves; and also to find the 
numbers for the wheel -teeth, liaving assum- 
ed numbers for the pinions, for the swing or 
balance wheel, and the number of vibrations 
required in an hour - - - 12 

III. — On dial -wheels or motion work, length of time 
of going without winding up; and of the 
trains for three-part-clocks, such as those 
which strike quarters of themselves, or give 
chimes or tunes, as musical clocks do, &c. 31 

IV.— On finding numbers for the wheels and pinions 

of orreries, planetariums, &c. * - 49 

v.— On wheel -teeth, their shape; the projportional 
sizes of wheels to pinions, ana oi pinions 
to wheels with the distances which their 
centres ought to have, so as to form proper 
pitchings 82 

VI. — On pendulums; the influence of gravity on 
them at different parts of the globe, com- 
pared with the influence of their suspen- 
sion springs, b j changes of temperature, &c. 1 £1 

VII. — ^Having the length of a pendulum, to find the 
number of vibrations it must make in an 
hour, and vice versa, knowing the number 
of vibrations that a pendulum makes in 
an hour, to find its length, &c. - - 140 

• 
VIII. —On the escapement or 'scapement, and the dis- 
covery of the pendulum, with its applica- 
tion to a clock - - - . If 2 

IX. — On compensation curbs and balances - 257" 

X. — On the balance spring of watches and chronome- 
ters, commonly called the pendulum spring 263 



VIU CONTENTS. 

Page 
CHAPTER XI.— On the jewelling of pivot holes in watches, 

chronometers, and clocks - - 269 

XII.— On the various sorts of machinery for going 

in time of winding - - - 274 

XIIL— On the force of main-springs in box chrono- 
meters and how to calculate it - 280 

XIV. — On the dividing and cutting engine, and on 
the methods of dividing circles into va- 
rious numbers for the plates of dividing 
and wheel-cutting engines - - 284 

XV. — On equation clocks, equation of time, and lu- 
nar motions 295 

Table of the equation time - - - 318 
mean time at true noon • - 320 
the acceleration of the fixed stars 
for 32 days ... 323 

For other Tables, ftee Index T. 

XVI. — On repeating clocks and watches - 328 

XVIL — On thermometers, pyrometers, and the expan- 
sive ratio of metds ... 345 

XVIII. — On compensation pendulums - - 357 

XIX« — Sympathy, or mutual action of pendulums of 

clocks 387 

XX. — On turret-clocks - . - . 339 

XXI. — On the method of fitting up astronomical 

clocks - • - - - - - 405 

XXIL — On church bells nnd gongs - - - 408 

XXIII. — On clock chimes and bell music, mode of 
pricking barrels, construction of organ 
clocks, &c, - - - - - 412 

TABLE of Prime Numbers, up to 10,000 - - - 426 

Appendix A. Letters,-^meaton, Ludlam, and Holmes, on the 

subject of turret-clock work ... 429 

B. Descnption of Plate DC . 48, Dutertre's clock 

'scapement 453 

C. Descnption ofPlateIX.51, Arnold's detached do. 453 

D. Description of Plate IX. 52, Eamshaw's do. 455 
£• Description of Plate IX. 53, Robinson's do. 457 

F. Description of plate XI. 61, Le Roy's nuirine 

time-keeper 458 

G. Farther particulars regurding month clocks - 461 



TREATISE 



ON 



CLOCK AND WATCH MAKING, 



THEORETICAL AND PRACTICAL. 



CHAPTER L 

fnirodttctory and Historical Remarks — Vick^s Clocks ^c. 

The art of constructing machines for measuring time has sometimes 
been denominated Horology. This word is derived from the Greek 
'ApX«yi0r, (through the Latin Horologium) compounded of V« om 
AottTf and >«yw» to read or pohU out ; hence ^poXoy^ow, a - mflCchine' fbr 
indicatii^ the hours of the day. '\ '-. "•.:'•* 

Long before sun-dials were invented, ClepBydnevr.<0^/4^Cer' dcdiBf ' 
had been made in the most remote periods of s^tiquit^,«and were used ' 
in Asia, China, India, Chaldea, Egypt, and Greece, where Plato 
introduced them. JuKus Csesar found them eveii in Britain when he 
carried his arms thither, and it was by thern M* observed that the 
nights in dns climate were shorter than tho^'iirfTiJy ; (see his CouIf' 
fnentono, lib. v. xiiL) Clepsydi® had been*ftii0vm*at Rome about 
an hundred years before this, and it is probable,* Aey mky have beeii 
as long known in Britain, seeing the early intercourse*1di6 P£<Bnic*aii8. 
had with our ancestors in quest of tin. See a desbnption of « V^iy . 
curious Clepsydra given by Mr. Hamilton in No. 479 of tbe-l^taiL 
Trans. 

Toothed wheels, although known a considerable time before, were 
first applied to Clepsydrae by Ctesibius, a native of Alexandria, who 
lived 145 years before the Christian era. But at what time, or by 
whom, the clock with toothed wheels, crown-wheel scapement, and 
the regulator in form of a cross suspended by a cord, with two weights 

1 
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to shift on it whoii regulating the clock, was invented, can now only 
be guessed at, as no positive information on this subject has been 
handed down to us. It was this kind of dock, a krge turret one, which 
Charles V. King of France, sumamcd the Wise, caused to be made at 
Paris by Henry Vick, who was sent for from Germany for the express 
purpose, and which was put up in the tower of his palace about the year 
1370. Julien Le Roy, who had seen this clock, has given some account 
of it in his edition of Sully's Rigle ariificicUe de temps, Paris, 1737. See 
this ancient clock by Vick, in Plate I. No. 1. a description of which shall 
be given afterwards. 

Before a clock could Ik) brought even to the state of the one made by 
Vick, there must have been many alterations and progressive improve- 
ments upon that which had first been projected, so that it must have been 
invented at least two or three centuries before Vick's time. 

As the same word for a sun-dial among the Greeks and Romans, was 
also that for a clock, disputes have arisen, whether the horolof^a of Pa- 
cificus and of Gerbert, were sun-dials or clocks. Father Alexander as- 
serts, that the horologium of Gerbert was a clock ? while Ilamberger 
supposes it to have been a sun-dial, from the Pole star having been em- 
ployed in setting it Pacificus was Archdeacon of Verona about the year 
850. Gerbert was Pope, under the name of Silvester II. and made his 
clock at Magdeburg about the year 996. 

Richard of Wallingford, Abbot of St Alban's in £ngland, who 

. •flburish'ei^ hi* 1^26, by a miracle of art constructed a clock, which had not 

. '^•, • its equiU*jB*all*fiivope, according to the testimony of G^sner. Leland, 

* **. **toof SOI t)k] JB#|g(ii^ author, informs us, that it was a clock which showed 

• * the course of **the i^, moon, and stars, and the rise and fall of 

the tides ; that it contihued to go in his own time, which was about 

the latter end o't* Henry the Seventh's reign; and that according 

to tradition, this fanSous piece of mechanism was called JUbion by the 



.::> 
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• ••• • inventor. 

_ • •• 



mventor. ••••• * 
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In 1382,';* ^fe^tftV ^'ather Alexander, "the Duke of Burgundy 
•J. •;*•',[ •cydered to <bb lakdn-away from the city of Courtray, on the French 
•/.•*•/ :*^ny .entering it; rf clock which struck the hours, and which was the 
* • /'f^t It that time *known, either on this side or beyond seas, and made it 
t5 be breu^lit to Dijon, his capital, where it still is in the tower of Notre 
Dame. These are the three most ancient clocks that I find afler that of 
Gerbert." 

^' We know no person," continues this author, " more ancient, and 
to whom we can more justly attribute the invention of clocks with 
toothed wheels than to Gerbert He was bom in Auvergnc, and was 
a Moi^ in the Abbey of St. Gerard D'Orillac, of the order of St 
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Bennet His abbot sent him into Spain, where he learned astrology 
aiui the mathematics, in which he became so great a proficient, that, 
in an ago when these sciences were littlo known, he passed for a ma- 
giciao, as well as the Abbot Trithemlus. {It may have been far the 
crime of magic imputed to Gerbert, that he was afterwards hani^ 
edfrom France.) From Spain he came to Rome, and being a mon 
much superior to the times in which he Uved, he was there appointed 
to superintend the monastic studies in the Abbacy of Bobio, situated 
among the Appenines in Liguria, founded by St Columbanus in the 
year 612 ; but the low state of its funds compelled him to return to 
France. The reputation of his learning and uncommon genius induc- 
ed Adalberon, Archbishop of Rheims, to establish him in 970, as 
rector of the schools there, and at the same time to make him his 
private secretary. 

It was near the end of the tenth century, about the year 996, when 
he made at Magdeburg this clock so wonderful and surprising, as to 
go b^ means of weights and wheels. He was Archbishop of Rheims 
in 992, a situation which he held during three years, then Ardi- 
bishop of Ravenna in 997, and at last, Sovereign Pontiff, under the 
name of Silvester H. in 999 ; he died at the begiiming of the fiflfa 
year of his pontificate, in 1003." The clock constructed by Gerbert 
seems to have been made aflcr he left Rheims, and before his ap- 
pobtment to Ravenna; and it is highly probable, that this was the 
period when clock-making was introduced into Germany. " * * • . 

"William Marlot, to show how wonderful this piece; of* Work was, ' 
makes use of an expression which can hardly be 8u^(bre<l in pur !an- 
guage: AdrmrabUe horologitim fabricavit per iristruihenAmh diaboUca 

arte tncfii/tfw." 

The western Christians were particularly ihrtebted to Gerbert for 
having transmitted to them the arithmetic which ^^e make use of at 
the present day. Abacum eerie primus a Sarccenii rapiens regidas 
dedit qwza sudantibtis Abacistis vix intelUguntvf'} says the historian, 
William of Malmesbury, ad annum 999. GerWt had ^so a great 
laste for mechanics. William of Malmesbury say9,''tMd.* "tlmtih'hio 
time" (that is to say, sometime or long before the year 1 142, th6yeaV 
in which he died,) " there was to be seen in the church* at Rheuns,' 
a mechanical clock which Gerbert had made, and hydraulic organs, 
where," says he, " the wind, pushed in a wonderful manner by water, 
made them give des sons modxdis a dcs flutes d^airain,^^ 

" Les horloges h roues sont unc invention du moyen age, dont on 
ignore h datte ct I'auteur. Dai\s les usages dc Citcaux vers 1120, il 
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lammd da Satans, 1782, page 182. 

par J. S. Montudoy 




in such a manner of clocks, 
have been well known. But 
boni in 1266^ and died in I32U 
who has introduced the mentioD 
(and which consequently could 
prabahty it was an alarm part, as ;we ap- 
noC been so eari j applied ; yet it is said, 
mm haeie been veiy uncommon in Italy at 
of the 14th century, for there is 
been put up near Westminster Hall, 
on the Chief Justice of the King's 
of £dward the First, or in 1288. We find 
to be of such consequence during the 
Ebbbtw ifae Sixdi, that the king gave the keeping of it, with 
to William Waiby, Dean of St Stephen's, togc- 
(fae pay of sixpence per diem, to be received at the £xche- 
dock is said to have remained until the time of Queen 
See Sknt^s Account of Weshnmsieri voL iL p. 55^ 
Tbff ckxk at St Mary's, Oxford, was also fumsshed in 1523, out 
q£ lines iaiposed on the students of the University. 

. PierbBBW m his Artificial Clock Maker, has given the caliper, and 

-4fe waastigBSt^Cyt^ wheels and pinions in a stately dock which was in 

>^tbe M£ci*«Blvinid4>ton Court, made in King Henry the Eighth's 

'.ioae, by oiie*IC**0. m the year 1540. He appears abo to have seen 

a watch belonging to*ttie same king, and thought it was probably 

mde bv tibe same N. O. We are -of oninioa, that this was not a 

pocket-watch, butV*2hrge spring time-piece, in a sihrer or olhar metal 

Gwe, of the same .^ifpe as the watch-cases of the pRsent day ; for 

the going part/cdTValo^ks, whether it is JwfifftfA by a we^bt or 

• a s|»ing, is stil^cTdsignated by the workmen as ikt wtmkkpmL Focket 
'/H^hes after ihi^**p^iiod came to be inlioikioed. 

:V The vaiiety*tit Ithat time sorely coold mi be l^eaft. TVe ItaUow- 

* mg.^^j:!^ .may be consulted : Hmnf9 IKitii| ^f Gnti A A na voL 
viii. 8vo ; Hisiary of ike Mmuni JMi c liHniii^ribi' Dk tip iti % 
J. S. printed 1676, said to coMfewa a fet nt ike <atfick» ibtt in we. 

Since toothed wheeb bad bean katfwa ab»i«e IJW ymus be^Me 
Gerbert is said to baveonda bti Hiiinin^iMi mI abe«e IIW aAer 
they had been ^pphedto Clqnf4nw«nl «thrr wtR a&M xui^cured 
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no Trajan's ' column at Rome, where they arc still to be seen, there 
seems to be nothing inexplicable in (Herbert's having fallen on the 
way of applying wheels to make a clock different from the Clepsydrae, 
which had been long in use. Besides, Father Alexander seems to havo 
investigated the History of Horology more profoundly and indefati- 
gaUj than Hambeiger ; and Gerbeit may have made use of his ob- 
servatioDs on the Pole star for other purposes than merely to set a sun- 
dial by them, and probably for the purpose of drawing a meridian line 
in order to regulaie his clock. If it was a sun-dial, as some suppose, 
why does Marlot, who wrote at Rheims, 1679, consider it such a won- 
der, since it appears from the History of Dialling, that they were well 
known, and in common use 1600 years before Gerbert's time ? (See 
ikt JhikU Diaiiittgj in the Edinburgh Encyclopcadia.) The anti- 
quity of dials also appears by what we learn from Dr. Adam's Roman 
Antiquities, that ^ Anaximander of Miletus, (bom B. C. 610.) is 
said to have invented sun-dials at Lacedsemon in the time of Cyrus 
tbe Great 

The first sun-dial is said to have been set up at Rome by L» 
Papirhis Cursor, A. U. 447, (B. C. 301.) and the next near the 
Rotira, by M. Valerius Mesela, the Consul, who brought it from 
Catana in Sicily, in the first Funic war, A. U. 481.* Scipio Nasica 
first measured time at Rome by water, or Clepsydrse, which served by 
ni^t as well as by day, A. U. 696. The use of clocks and watches 
were then unknown to the Romans ; being so much taken up with 
militaiy acquirements, they had neither time nor leisure to cultivate 
the arts c^peace. 

Hamberger, however, admits, that the clock was invented in the 
iith century, and he thinks it probable that we are indebted to the 
Saracens for it Now Gerbert's clock was made near the commence- 
ment of the same century : the College in Spain where he had been 
ioBtnicted, had Arabians or Saracens among its professors, and was at 
that time the only place in £urope where any learning or science was 
to be found. * 

The argument against Gerbert's Horologium, being a clock in our 
acceptation of the word, is, that he made use of his observations with 
the Pole star, as if to obtain a meridian line, or to set a sun-dial by ; 
and yet we have no positive information that it was either of them. 
Berthoud admits, that such a clock as Yick's could not have been a 
new invention; and he thinks, ^'that the different parts which com- 

* 

* The Romans at this time were not aware that a dial fit for Sicily was not cal- 
culated for Rome. 
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pose the balance clock, have only been made afler a long train of re^ 
search and time, and that clocks were not known in France till the 
middle of the fourteenth century." 

The art of horology might be going slowly on in Germany, though 
the balance clock was unknown in France till 1370, previous to which 
Tick had been sent for by Charles Y . of France. Had this not taken 
place, it might perhaps have remained stiU longer unknown. It must be 
allowed, that there is something inconsistent in Father Alexander's ar- 
gument for giving the clock to Gerbert, and refusing it to Pacificus, 
" because it was not known in France tiU 260 years afler. The discov- 
ery was of too great utility not to be sp«^ad abroad, particularly in mon- 
asteries, where it was so much required to regulate the religious duties 
of the night In the famous monastery of Cluny, however, the Sacris- 
tan, in 1108, went out to observe the stars, to know the time when to 
awaken the monks to prayer." In the eariy stages of the art, very few 
clocks could have been made, and those which were constructed must 
have been very imperfect. 

** As all arts are at iirst imperfect," says Hamberger, " it is ob- 
served of these clocks, that they sometimes deceived ; and hence in the 
Ordo Cluniacensis Bemardi Monasierii^ the person who regulated 
the clock is ordered, in case it should go wrong, *' ut notet in ccelo, 
ot in cursu Stellarum vel etiam Lunse, ut fratres surgere faciat ad 
faoram competentem: The same admonition is given in the Consii- 
tfUiones Hirsaugiensea.^^ From what is said here, it may be infer- 
red that those who had clocks in the earliest periods, could not placo 
much dependance on their keeping time; and with great probability 
we may suppose, that many a palace, castle, and monastery, might 
long continue unprovided with such a machine. It was near the 
end of the fifteenth century before they came to be in use in pri- 
vate fsimiUes. 

The art of clock-making seems to have been introduced into Eu- 
rope by some one or other of the Romish clei^. They were, in 
general, especially the higher orders, possessed of wealth, and had 
leisure to cultivate such of the arts and sciences as were then to be 
attained ; and if the art of horology did not originate with them, 
they certainly were among the first who did every thing in their power 
to promote and encourage it. Time-measuring being so desirable for 
the regulation of the stated services required by the Church, which 
took place at all hours of the day and ; night, their attention was na- 
turally called to a subject in which they were so much interested. 
Those who wish for farther information on the origin of clocks, are 
referred to The Artificial Ctock'tnaker, by Wm. Dcrham, D. D. 
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liOndoiH l69S-^TraiU g^nSral dcs Horlofres, par le R, P. J)om. 
Jacque Jllextmdarty Religimx Benedictin de la Congregation de Sainl 
Maur, k Paris, 1734 — A Dissertation by Hamberger in Beckmann's 
Jftttonf of InventioMy vol. iii. Lond. 1797 — Histoire de la Me- 
mat du Temps par les Horlogesy par Ferdinand Berthoud^ Mechani- 
aoi de ta Marine^ &c. &c. k Paris, 1802. This last is a very inte- 
resting work for an amateur in horology, and was the result of seven 
years' labour, when the author was at a very advanced period of 
fife. To these may be added, Histoire de VAstronome Modeme^ 
toBL L page 60, edition de 1785; and Histoire de PAstronomie An- 
ctame Echircissmemy liv. iv. § 34. iiv. ix. § 6 — Vitrwius^s Archi- 
lecture. 

PoDios Yitnivius lived 40 years before Christ, and was architect to 
Ai^ustus. In a triumph of Pompey, among the spoils brought from 
the east, was a water-clock, the case of which was strung round 
wid) pearis, PUny^ lib. xxxvii. cap. i. Mimaires de rAcademie des In- 
Kfipiions^ torn. xx. p. 448. 



It would be a waste of time to describe the nature of wheels and pi- 
nions, as this kind of machinery is now so generally known. It may bo 
soffid^ to remark, that a clock or watch movement is an assemblage 
of wheels and pinions, contained in a frame of two brass plates, con- 
nected by means of pillars ; the first, or great wheel, in an eight day 
movement, has, concentric with it, a cylindrical barrel, having a spi- 
ral groove cut on it To this cylinder is attached one end of a cord, 
wiuchis wrapped round in the groove, for any determined number of 
turns, and to the other end of the cord is hung a weight, which con- 
stitutes a power or force to set the whole in motion. Their time of 
c(mtinuing in motion will depend on the height through which the 
weight has to descend, on- the number of teeth in the first or great 
wheel, and on the number of teeth or leaves of the pinion upon 
which this wheel acts, &c. 

The wheels in spring clocks and in watches are urged on by the 
force of a sfural spring, contained in a hollow cylindrical barrel or box, 
to which one end of a chain or cord is fixed, and, lapping it round the 
barrel for several turns outside, the other end is fixed to the bottom of 
a solid, shaped Uke the frustrum of a cone, known by the name of the 
fiuee^ having a spiral groove cut on it On the bottom of this cone, 
or fusee, the first or great wheel is put The arbor on which the spring 
barrel turns, is so fixed in the frame that it cannot turn when the fu- 
see is winding up ; the inner end of the spring hooks on by an eye to 
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the barrel arbor, and the outer end hooks by the same way to the 
inside of the barrel. Now, if the fusee is turned round in tho proper 
direction, it will take on the cord or chain, and consequently take it 
off from the barrel. This bends up the spring, and, if the fusee 
and great whedl are left to themselves, the force exerted by the spring 
in the barrel to unbend itself, will make the barrel turn in a contraiy 
direction to that by which it was bent up. This force of the spring 
unbending itself, being communicated to the wheels, will set them 
in motion, and they will move with considerable velocity. Their 
time of continuing in motion will depend on the number of turns in 
the spiral groove on the fusee, the tiumber of teeth in the first or 
great wheel, and on the number of leaves in the pinion upon which 
the great wheel acts, &c. The wheeb in any sort of movement^ 
when at Uberty or free to turn, and when impelled by ^a force, whether it 
is that of a weight or spring, would soon allow this force to termi- 
nate ; for as the action of the force is constant from its first com- 
mencement, the wheels would be greatly accelerated in their course, 
and it would be an improper machine to register time or its parts; 
the necessity of checking this acceleration, and making the wheels 
move with an uniform motion, gave rise to the invention of the es- 
capement, or 'scapement, as it is conunonly called. To eBect diis, an 
alternate motion was necessary, which required no small effi>rt of hu- 
man ingenuity to produce. 

To a professional artist, a description of all the parts of Tick's 
clock is quite unnecessary, as a mere view of it in the plate would to 
him be sufficient ; but, as it is handed down to us as one of the most 
ancient balance clocks, and having been seen almost in our own time, 
or very near to it, a description of the going part may be given. 

A is a weight suspended by a cord, which is wnq[»ped round a cy- 
linder or barrel B, keyed spring tighten an axis or aibor aa^ wboae 
smaller parts b 6, called the pivotsj enter iiito holes made in the plates 
CO, DD, in which they turn: These plates in the ancient clocks 
were made of iron, and put together by the kneed parts EE, which are 
formed from the ends of the plate CG ; a screwed part at the extre- 
mity of the knees connects this plate by nuts to the plate DD ; this 
assemblage of the plates and kneed parts is called thefrmne. 

The action of the weight A, necessarily tends to turn the cylinder 
B ; so that, if it was not restrained, its descent would be by an ac- 
celerated motion, Hke to that of a body which falls freely ; but the 
cylinder has at one end a ratchet toothed wheel F, the face of the 
ratchet teeth strike or butt on the ^end of the click c, the click is 
pressed by a spring (U which forces it to enter into the ratchet, when 
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k has been set aside from them. It is this mechanism which is called 
die dick and raichet work^ and by means of which* the wei^itf 
vbeo wound up, is prevented from turning back. It may then be 
coocored diat the action of the weight is transmitted to the toothed 
wheel CrG ; the teeth of this wheel enter within the spaces of the 
teedii or trundles, which are formed on the small wheel, or lantern 
pioion c and so that they oblige or force it to turn on its pivots //• 
TUi communicatioQ of the teelh of one wheel with those of another* 
V vidi a pinion of any kind, is, in technical language, called piteh'^ 

the wheel HH is fixed on the aibor of the lantern pinicm e ; thus 
fhe motiQii communicated by the weight of the wheel GG is transmit^ 
ted to die pimon e, and consequently to the wheel HH, (and cauaea 
it to (mn on its pivots ff) ; this pitches into the lantern pinion g, 
wkae axis cazries the crown wheel H, which is named the scape* 
ONDt wheel, or vfhed of rencounter ; at last, the motion impressed by 
the mi^ A, transmitted from the crown wheel H to the levers or 
palleto h t, iriuch are formed on die vertical axis KK, moveable on 
itotwo pivota K 2 ; it is on this axis that the regulator, or balance LL is 
find; iim faahnoe is sui^iended by a cord M, and can describe round 
ibpifoli, aica ofa circle going and returning alternately on itself, making 

The aHeniale motion or vibration of the balance is produced by 
the adioQ of die wheel 11, on the pallets which project from the axis 
of the bafamce, the angle formed between them is about 90 ^li^graeB ; 
•0 thit when a tooth of the wheel has drawn aside ^M|(tJ||M.^ «d4 
eicapes or gets past it, the other pallet t presents itsdf to a tooth of 
tiiB idieel nearly diametrically opposite, which in its turn is drawn 
aside; so ttat the wheel turning always the same way, the balance 
goes and comes on itself, forming vibrations which moderate and regulate 
the vekMily of the wheel 11, and consequently the wheels Hf and 6f 
wiiose revolutions serve to measure time* The balance here, in place 
ofbdngfiketheflyof a kitchen jack, as they sometimes werai is formed 
of tifo thin arms projecting torn the verge or aids of the balanoe, mak- 
ing a soit of cross ; on these arms several concentric notches are made ; 
a small wei^t m is appended to each arm ; by carrying the weights 
flisi, more or less from the centre, will make the clock go slow or fast 

The reciprocal action of the wheel II, on the pallets h t, carried by 
the axis of the balance, and of the pallets themselves on the wheel to 
legdate the motion of it, is what is called the Scapemeni or Scaping. 

2 
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The idieel GG, makes a revolution in an hour, the pivot 6 6 of 
|his wheel is prolonged beyond the outside of the plate CO ; it car- 
ries a pinion, u, which pitches in, or leads the wheel NN, and causes 
it to make a turn in 12 hours ; the axis of this wheel carries the in- 
dex or hand, O, which points out the hours on the dial. It must 
be explained what determines the wheel GG to make one revolu- 
tion precisely in an hour; for this purpose it must be known, that 
the vibrBtions of the regulator or balance are so much the slow^ 
the heacvier it is, or is of a great diameter. Suppose that the balance 
LL can make vibrations whose time is exactly that of one second, 
and this is come at by bringing nearer or farther from the centre the 
weights m m, as has been already noticed ; that being understood, it 
m^ be shown how, by means of the number of the teeth of the 
wheeb and pinions, we determine the wheel GG to make a revolu- 
tion exacdy in an hour. In giving 30 teeth to the crown wheel II, 
then, during the time it takes to make one turn, the balance v^l 
make 60 vibrations, for at each turn of the wheel the same tooth acts 
once cm the pallet hy and once on that of t, which produces two vibra- 
tions for each tooth, so thus the wheel having 80 teeth, it must cause 
twice 30 vibrations to be made ; it then makes its revolution in a mi- 
nute of time ; it is also necessary that this wheel makes 60 turns du- 
ring the time that the ndieel GG makes one. Now to determine the 
number of the teeth in the wheels GG and HH and their pinions, 
it is proper to observe, that awheel gives as many more turns to its 
pinion, whilst it makes one, as the number of the teeth of the pinion 
is contained a greater number of times in that of the teeth of the 
wheel; f<Hr, supposing the wheel GG has 64 teeth, and the lantern 
pinion e 8, this pinion will make 8 turns during the time that the 
wheel will make one : which is evident, for each tooth of the wheel 
moves forward one tooth of the pinion ; so thus, when the pinion has 
advanced forward 8 teeth, which makes its revolution, the wheel GG 
has only advanced 8 teeth : now, for the wheel to complete its revo- 
hition, it must yet advance 66 teeth more, ^^ch will make 7 times 8 
of the pinion ; that is to say, it shall cause it to make 7 turns, which, 
j<Mned to the one which it has made, gives 8 revolutions of the pinion 
for one of the wheel. By the hke means, the wheel HH having 60 
teedi, and the pinion g 8, it will cause the pinion to make H turns ; 
bot ^ wheel HH carries the pinion e, making 8 turns for one of 
ike whed GG ; the pinion g makes then 8 times 7i turns, that is to 
say, iO during the time that the wheel GG makes one turn : and 
bavii^ seen tet the wheel II, carried by the pinion g, makes a re- 
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iiolution in a minute, the wheel G6 makes then a tarn in an hour. 
By the same reasoning, we see that the pinion ti, carried by the axis of 
Ihe wheel G6, must make 12 turns during the time that the wheel 
NN makes one. This wheel ought to have 12 times more teeth than 
the pinioD ; and if it has S teeth, the wheel NN must have 96. From 
the side of the wheel NN, twelve pins project, which serve to discharge 
the strikiiig part. 

When the cord which suspends the weight A is whoUy run off 
from die cylinder, a handled key is used, whose canon has a square 
hole m it so as to enter upon the square P, on the arbor of the lan- 
tern pinioa n, which pitches in with the wheel R, fixed on the end of 
the hand B ; and in turning this key the weight is^ again wound up. 
The idnel R, and that of F, can turn separately from that of 66, 
wfaidi keeps its place. This retrograde motion of the cylinder or 
barrel is obtained by means of the click and ratchet work F, c, dk 
The teeth of the ratchet are inclined on one side, which raise up 
the click c, so that during the time of winding up the weight, the 
ratchet F turns separately from the wheel 66 ; but, upon ceasing 
to wind up the weight, it acts upon the cylinder and ratchet, the 
frees of whose teeth butt or come anew against the end of the click e, 
which forces the wheel 66 to turn with the cylinder ; the spring d 
serves, as has been already mentioned, to bring the click back into 
the spice of the ratchet teeth. Of the striking part of Henry Tick's 
dock we have only to remark, that it must have raised a very massy 
hammer, considering the enormous weight applied to it, being ahove 600 
pounds to each part 

It was thought nowise necessary to give either a representation or 
description of the striking part ; suffice it to say, that, like the old 
€k)cks, it locked against an mterrupted hoop, fixed on what was call- 
6d the hoop wheel ; and eleven notches on the circumference or edge 
of a pktB wheel, commonly called the count wheel, determined the 
hours or nomber of blows which the hammer should give. 

Either Julien Le Roy, or Berthoud, must have made a mistake, 
m making the crown wheel in Yick's clock to have 30 teeth, unless it 
nay have been merely for the purpose of showing in a clearer point 
of view, that the time of a revolution should be equal to one minute. 
It is well known, that the crown wheel 'scapement cannot admit the 
wheel to have an even number, no other than an odd number will 
'scape with the paUets on the verge. Had the number been 29, and 
the time of one vibration about equal, or nearly so, to one second, 
then one revolution of the crown wheel, or 58 vibrations, would have 
been nearly one minute, or somewhat thereabouts. 
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Before giving an account of the first 'scapement, and the improvements 
on it, which subsequently followed, it may be more in order, first to enter 
into the calculation of the numbers for wheels and pinions, their propor^ 
tional sizes, trains, length of pendulum, &c. &c. 



CHAPTER n. 

2b Jmd the Mtmber of Vibratians tit a Minute^ or in an Hour^ 
hoeing the nmnben of the wheel leeA and of the.pinion leaves; 
unci aiso to find the numben far the wheel teeth^ honing aemaned 
numbers for the pinUma^ far the swing ar balance wheelf and the 
mtmber of Vibrations required in on Hour^ ^c^ ^c^ 

The beats givoi by die alternate motion of the 'scapement, are 4 
determined number in a minute, or in an hour, called the traint 
which depend on the number of wheels in the movement, then: num» 
ber oi teeth, on the number of the pinions, and the number of their 
teeth or leaves : the beats in an hour of a common seconds clock are 
3600, and 173S0 are the number of beats given by a common 
watch. 

In a combination of two or more wheels and their pinions, the ratio 
of the pinions to their wheels being given, the number of revolutiona 
of the last wheel, for one of the finst, can be deduced. The first 
wheel being -supposed to make a revolution in an hour, during which 
time let it drive a pinion eight times round, concentric with the 
pinion is a wheel which drives another pinion seven and a half times 
round ; on the arbor of this pinion is a wheel that may at pleasure, or 
rather mast be cut into such a number of teeth as to make up the 
required number of vibrations. The wheels and their pinions may be 

represented thus : ^. . — ^ = 60, which is the number of rc. 
^ pmions 1x1 

volutions that the last pinion must make for one of the first wheel. 
If the [Mnions have eight leaves each, then it follows that one of the 
wheels must have eight times this nun^r of teeth, which will be 
64, and the other seven and a half times, equal to 60. The revolu- 
tions will be the same to the last wheel or its pinion, in whatever 
order the two wheels are taken. 



THE TEETH OF WHEELS. 13 

A fifaction does not lose its value whether it is divided or multi- 
pKed bj a like number. The wheels being 64 and 60, their pi- 

vkm 8, diey may stand thus : -1^^ zn 60 ; if we were to double 

the nambeiB of the pinion leaves, they would become 16, the wheels 
voddtfaenbe 128 and 120. By taking a fourth part from them, they 
become pinions of 6 ; in this case the wheels would be 48 and 45, as 
6x8^:48, and 6x7^=46. The revolutions of the last pinion may be 
fomd without the use of fractions. Let the product of the wheel teethe 
wfaeo muhii^ied into one another, be divided by the product of the 
pmoDS, the quotient will be the number of revolutions of the last 
pwrn, nhich here will be evident, for 64 x60=z3040-i-64=60. What- 
ever number of teeth is cut in the last or swing wheel, it will give 
dodde the number of vilvations for every revolution ; then, if the 
MBber of leetfa is 30, the vibrations will be 60 ; and, as it makes 60 
nvolutions m an hour, it must make 3600 vibrations in an hour, f(nr 
60x60=3600. If the pinions here, in place of being driven, were 
made the dnvers, or, more properly, the leaders, as in orreries, (m* plan^ 
tuJOHu, aM "wbBii was the last pinion before, to be placed as die first 
leider, making its revdution in an hour, then the first wheel before, being 
MMr kst in Ibe order, would take 3660 hours, or 160 days, to make one 
iBvdiilion. 

Tbe number of vibratiofiB in an hour b^ng given, likewise the numben 
of tbe wheel teeth, and of the pinion leaves, to know what must be the 
mmber to cut for the swing wheel teeth. The product of the numbers 
of tbe wheel teeth multiplied into one another, divided by the product of 
the piatons, the quotient will give die number of the revolutions which 
die iwing wheel must make in an hour ; the given number of vibraticms 
ID 8D boor being divided by this quotient, will give double the number of 
tbe swing ndieel teeth. 

EzimapUa. — Given 7200 as the number of vibrations required in an 
bour, tbe wheels having 80 teeth each, and the pinions 8 leaves each ; 
feqiflfed the number of teeth to be cut in the swing wheel, so as to give 
(Ub number of vibrations in an hour? 

Here 80x80»6400-^64«100 and 7200-^100=r72, the half of 
Ibis is 36, being the number for the swing wheel teeth. Let the 
required number of vibrations be 7560, the wheels 90 and 84, and 
the pinions 8 each ; what must be the number of teeth in the swing 
wheel?— 90x84=7560-^4=118.125, and 7560-rl 18- 125=64; the 
number of teeth in the swing wheel must then be 32. The num- 
h& of vibrations being 6720, the wheels 84 and 80, the pinions 8 
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eachf what number is required for the swing wheel teeth? — 
84x8086720-i-64»105. and 6720-^-1 05 ==64, the swing wheel teeth 
are then 32. It might happen that the number of vibrations required, 
and the numbers of the wheel teeth, and of the pinion leaves, may be 
so incommensurate, that the quotient obtained, besides being a whole 
number, may have some decimal parts annexed to it, which would in this 
case be improper, and could not be used. 

In order to ascertain what the numbers for the wheel teeth of a 
clock or watch movement should be, three things are requisite to be 
known or fixed upon ; First, the number of beats to be given in a 
minute or in an hour ; Second, the number of the pinions and of their 
leaves ; and. Third, the wmber of teeth it is intended for the swing or 
balance wheel to have. 

Rule. — ^The number of vibrations or beats in an hour, being mul- 
tiplied by the number of leaves in each pinion, or, what is the same 
thing, each pinicm being multiplied into one another, and with the 
IMToduct multiply die number of vibrations in an hour, this last pro- 
duct being divided by double the number intended for the swing, or 
balance wheel, wiU give for the quotient such a number, that when 
divided by prime numbers, first by two, as oflen as it will divide by 
two, without leaving a remainder ; then by three, as oflcn as it will 
divide by it; by five, as oflen as it will; and by 7, 11, 13, &c. until 
no remainder is left ; and afterwards arranging the divisors, they may 
be made out «o, as to have sets of them, which when multiplied into 
one another, will give the proper numbera for the wheel teeth required^ 
A few examples will make the matter so plain and easy, that few can fail 
to comprehend them ; and the numbera in a common clock movement 
being known to ahnost every clock maker, an example of it shall be taken 
for the firat, in order that the beauty and facility of the rule may the more 
readily be seen. 

The vibrations or beats of a common seconds pendulum clock are 60 
in a minute, or 3600 in an hour ; the pinions are commonly two of 8 
leaves each, and the swing wheel having 30 teeth : Required the nunn 
ber of teeth that must be put into the second and third wheels ? 

The two pinions of 8, multiplied together, make 64, and 3600 being 
multipUed by 64, gives for the product 230400, which, divided by 60, the 
double of the niunber of teeth in the swing wheel, we obtain a quotient of 
3840 ; and this last being divided by 2, 3, and 6, will, by the divisors, 
when taken in separate sets and multiplied into one another, give two 
numbers, which will be those of the teeth for the second and thin) 
wheels. 
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3600x8xS-h60«= 3S40 


2 


1920 


2 


960 


2 


480 


2 


240 


2 


120 


2 


60 


2 


30 


2 


15 


3 


5 


5 


1 





Here the divisors are eight 2i, 
one 3, and a 5, which, when arran- 
ged into proper sets, will give the 
numbers for the teeth of each wheel. 
2x2=4X2^8x2=16x2=32x2=64 

2X2=4X3=12X5=60 

The number 64 is given for the 
teeth of the second wheel, and 60 for 
those on the third wheel ; or the num- 
bers for the wheels may be vice versa. 



Tbe vibrations being 1800 in an hour, |^ pinions of 10 leaves 
each, and the swing wheel 30 teeth : Required 



the numbers for the 



teeth of the second and third wheels ? 



ISOOx 10x10—60= 3000 


2 


1500 


2 


750 


2 


375 


3 


125 


5 


25 


5 


5 


5 


1 





This gives for the divisors three 
28, one 3, and three 5^', and, when 
arranged into two sets, give the 
numbers 60 and 50 for the teeth 
of the second and third wheels. 
2X2=4X3=12X5=60 
2X5=10X5=50 



Having two pinions of 12 each, and the swing wheel with 32 teeth: 
Required the numbers for the teeth of the two wheels, so as to give 
100 vibrations in a minute ? 



100&60XlSxl8=i864000-f.64=13900 

6750 

3375 

11S5 

375 

125 

25 

5 

1 



2 
3 
3 
3 

3 
5 
5 
5 



Here are two 28, three Ss, and 
three 58, ! which, made into pro- 
per seta, will mve the numbers for 
the teeth of Sie wheels. 



(X 5=25X 5^125 
2X 2=4X 3sl2X 3=36X 3=108 



By this is lAown, that a second wheel of 125 teeth, and a third wheel of 
108, the swing wheel 32, and two pinions of 12 each, will give 100 vi- 
bratioDs in a minute. 



Two pinions of 10 each, and the swing wheel 30 : Required the num- 
bers for the teeth of the two wheels, so as to give 100 vibrations in a 
minute? 



Id 



,1 

¥ 
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100X60xl0xl0-S-60=s 



10000 


2 


6000 


2 


2500 


2 


1250 


2 


625 


5 


125 


5 


25 


5 


6 


6 


1 





.f 



-The divisors of this^being 
four 28, and four 58, w&en put 
into sets, will give 100 for the 
teeth of each wheel. 



2 X2=s4 X5=s20 X5»100 
2X2=4X5=20X5=100. 



Two pinions rf 8 leaves each^ and the swing wheel 30 : Required 
numbers of the seconded third wheels, so as to give 120 vibrations in 
a minute? 



iwl 



120X60x8x8-^60= 



7680 


2 


3840 


2 


1920 


2 


960 


2 


480 


2 


240 


2 


120 


2 


60 


% 


30 


2 


15 


3 


5 


5 


1 





Nine 28, one 3, and a 5, when 
properly arranged^ will give the 
numbers 96 and 80 for the teeth of 
the two wheels. 



2 2X2=4X2=8X2=16X2=32X3=96 
2X2»4X2= 8X2=16X5=80 



There are some cases where the double of the number of the swings 
wheel teeth, will not divide the product of the vibrations in an hour mul- 
tiplied by the pinions, without leaving a remainder ; and, even where no 
remainder is left, there are sometimes such disproportionate and prime 
numbers given for the wheel teeth#as could not well be adopted in 
practice ; assuming 118 for the number of vibrations in a minute is one 
of those cases< 

The swing wheel having 32 teeth, a pinion of 9, and one of 8, the 
vibrations 102 in a minute : Required the numbers for the teeth of the 
second and third wheels? 



102x60X9X8-7-64== 



6885 


3 


2295 


3 


765 


3 


255 


3 


85 


5 


17 


17 


1 





The cG^ifitors are fdfir Ss, otic 5, and a 
Vty which last bein^ a prime ntitnber, can- 
not be farther divideu; taking it there- 
fore with the 5, wilt give 85 for the sec- 
ond wheel, the four 39 will give the other. 

5x17=^85 second wheel 
3X3=9X3=27X3=81 third wheel. 
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TIm TibfBtiond being 115 in a minute, the pinions 8 qach, and 
ibe swing wheel 30 s What must be the numbers for the teeth of the 
wfaeebt 



116X60X8 x8-*-60=: 7360 

2X2=4X23±=92 
2X2=4X2=8X2=16X6=80 



The divisors are 8ix20, one 6, and a 83* 
The Wheels 92, 80, an^ 30, and 2 pin- 
ions of 8 each; will gipre 11& vibrar- 
tions in a minute. 



The two foregoing examples, although diey are within the limits of 
pnctiee, may serve to show that larger prime numbers n»y occurs 
and, consequently, be unfit for use, as is tW case in assuming 118- 
for the beats in a minute, as noticed above, where the prime numbet 
69 is the constant result of the division, and which number is quite 
iocoauDensurate with the other divisors to make proper sets for the 
Dombefs of the wheel teeth« 

The vibrationsvl08 in a minute, the pinions 8 and 7, the swidg wheel 
30; Whatmustbe the numbers for the wheel teeth? 



108X60 x8x7-*-60zx 6048 

2 X2=4 X3=12 X7= 84 
2X2=4x2s8x3=:24x3s 72 



The divisors are five 20, three 3^^ and 
a 7; &e wheels 84, 72, and 30; the 
pinions 8 and 7 ; will give 108 vibra- 
tions in a minute. 



Toe number of examples given, is in order that the ruie may h^ 
come the more familiar and easy. Those who wish to prosecute this 
subject, and would require to have rules for finding not only the 
nomberB for the wheel teeth^ but to find at the same time the numbers 
for the pinion leaves, and the numbers for the teeth of swing or bakmoe 
wheels, are referred to EUmens de Mechamque Statique^ tome aecondi 
^roisUme ediiioni par M. Ganmuii a Parisi de P Imprmirie de Prmdt, 
1767, or an En^h translation of this part of it^ for J. Ta^or, al 
the Architectural Library, No. 69, High Holbom, London, 1806i» 
These problems by Camusi are more requisite for die finding of such 
oombers for wheels and pmions, as will give the nearest times for die 
revolutions of die planets, in planetariums or orreries, than for any 
inotion wanted in clock or watch-woric simply. 

The preceding rule applies equally to the finding of numbers for the 
wheel teeth in watch movements ; and, for the sake of the watch- 
movement maker, some examples shall be given. 

3 
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For (he fint Example, let that of a common watch be taken, where 
iKd balance wheel has 15 teeth, tinree jmiions, having six leaves eadi, 
and the beats, train, or vibrations in an hour is 17280 : Required die 
numbers for the teeth of the second, third, and fourth, (or contrate) 
wheals? 

Vibrations per minute Si8dx60x6X6x6-i-30»124416. 



2XS=6X8=18X3=54 
2x2^4x2sr8x2=16xd=48 
2x2s4x2s8x2=iq|[3=:48 



The divisors here will befound tocon- 
sist of nine 28, and five B^, which, when 
properiv arranged, will give for flie num- 
bers of the wheel teeth, 54, 46, apd 48« 
with a balance wheel of 15 teefli, and 
three [nnions of 6 each, will give atrain 
of 17280, the beats in an hour. 



The train is 18000 in an hour, the balance wheel 15 teeth, and 
three pinions of 6 leaves each : Required the numbers for the second* 
third, and fourth wheels 1 

t3)rations per minute 300 x 60x6 x6x6-t-30=129600* The divi- 
sors of which are six 2^, four 3^, and two 5>. 



3x3=9x3=27x2=54 

2x5=10x5=50 

§xii=4x2s=8x2=i6xd=48 



:} 



The numbers for the wheel teeth. 



These divisors can be arranged into another set of numbers, should 
it be thou^t necessary, as thus : 



2x2=4x3=12x5=60 
2x^=4x^1=3x2=16x3=48 

9X8= 9x5=45 



:} 



Numbers given for the teeth of 
the wheels. 



Td3ng the train 17280, the balance wheel 14, two pinions of 8, 
ind oiko of 7, what must be the numbers for the teeth of the three 
whMs? 

17280 x 8 X 8 X 7-^-28=276480. The divisors are eleven 2s, three 3*, 
txA one 5. 



2 X 2=4 X 2= 8 X 3=24 X 3=72 \ tv„„k«^ ^w«n fi.r ih^ 
2X2=4X2=8X2=16X2=32X2=64 ^ Numbers given for the 

2x2= 4x3=12x5=60. 



. i wheel teeth. 



If the number 72 is taken for the fourth wheel, then this will be a 
fourth wheel seconds movement. 
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Tlie beats in an hour 17920, two pinions of 8, and one of 7, the 
hdanee wheel 14 : Required the numbers for the teeth of th^ s^cofid* 
dud, and fourth wheeb? 

17920 X8xdx7-r-28a286720, whose divisors are thirteen 2^ oi^e $9 
and a 7. 

2x2=4x2=:8x2X16X2=mSS }N,n.be«^ 
ax2z=4X«=8x2=16x2=:32X2=64. j ' ^ ^°®®^ 

The beats in an hour being assumed at 18000* two pimoof flf 10, 

and one of 8, the balai^ce wheel U^ teeth: Required the nunibenf (gr 

ttiB teeth of the second, third, and fourth wfaeA? 

18000xlOxlOx8-«-30=480000. The divisors are eight S^, 000 8, 
andfiKorfi*. 

SX2«4X2«^X2«16X6»80 \ 

Sx2»4x8=8x2=16x6— 80 } Numbers for the wheel teeth. 
3x5sl6x5=:76. ) 

If the fourdi wheel in this is made 80, that is chandng plafses and 
mmberB with die third wheel, it will then become a fburm wheei seconos 
novemenl. 

Given 18432 for the beats in an hour, the pinions 8 each, and the 
balanoe wheel 16 : Required the numbers for the teeth of the duee 
nbeek 

18432X8X8 x8-i-32=294912. The divisors are fifteen 2>, and 
taod>; (or one 9, viuchis the same thing; yet, properij iqpeaking, 
dihouU never in these cases be expressed, although it may be bth 
fU, as it is not itself a prime number.) 

2X2-B4 X2b 8x9»72 \ 
2X2a4X2=8x2»16X2«32x2=:64 S Numbers for thewheel teeth. 
2X2z=:4A2=8x2->16X2nB32x2»64. j 

Given 360 beats in a minute, or 21600 in an hour, the pinions 8 eadi, 
shI the balance ndieel 16 : What numbers will be required for the teeth 
ofdieiriiedBt 

21600 x8x8x8-«-30=368640. The divisore are thkteen 8s, two 
3>, anda5. 

2X2=4X2=8X2=16X6=80) The numbers for the wheel 

2x2=4 X2= 8x3=24 x3=72 > . "® numt^ers tor tbe wHeei 
3X2=4X2=8X2=16X2=32X2=64. ) ^^^ 
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Given 18000 beo-ts in an hour, the pinions 8, and the bafamce 

ivheel 15: TVhat numbers will be required for the teeth of the 

wheels? 

18000 x8x8x8-4-3{|b=:307200. The divisors are twelve 28, one 3, 
pnd two 68. 

a X2=4X 2=8X2=1 JxS2X2«64 } l^u^T^^ ^^ *® 
2X2=4X2=8X2=:16X2=82X2=64.J ^^o®*^"*- 

Given the same as the preceding example, only the balance wheel 16 
in place of 16 : To find the numb^B for the wheel teeth? 

18000X8X8X8-4-32=288000. The divisors are eight 28, two 38, 
and three 68. 



2X2=4X2=:8X2=16X2=32X2=:64 ( ^^,^^*^ ^""^ ^"^ 
2X2i= 4X6=20X3=60. j ^^^^ ^^ 

Gi^n 20260 for the train, pinions of 6, and the balance wheel 16 : 
To find the numbers for the wheel teeth ? 

20260X6X6X6-«-30=146800. The divisors are three 28, sixSf^ and 
two 68. 

3X^9X3=27X2=54 ) 

3X3=9X3=27X2=64 } The numbers found for the wheel teeth. 
6X6=26X2=60. ) 

Given 7200 b^c^ts in an hour, the pinions 8, and the balance wheel 
15 : To find the numbers for the teeth of the wheels : 

7200X8X8X8-:i-^0z=12288Q. The divisors are thirteen 28, one 3, 
and a 6. 

2X2=4X2=8X2=16X2=32X2=64 ) 

2X2=4X2= 9X2=16X3=48} Nimibers for the wheel teeth. 
2X2= 4X2= 8X6=40 ) 

Given 14400 beats in an hour, the pinions^ 8 each, and the balance 
wheel 16 : To find the numbers for the teeth of the wheels ? 

14400X8X8Xa-»-30=246760^ The divisors are fourteen 28, one 3, 
fuida6. 

2X2=4^2=8X2=16X2=32X2=64 ) 

iSX2=4Jr2=8X2=16X2=32X2=64 } Numbers for the wheel teeth. 
2^= 4X3=19X5?^60j 
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Malmig the third wheel 60, and the fourth wheel 64, it becomes a fourth 
wheel seconds movement 

The beats in an hour being 14400, the pinions 10 each, and the bal- 
ance nhed 15 : Required the numbers for the wheel teeth? 

TibratioDs in a minute 240X60XlOxlOXlO-r-308480000. Thq 
divisors are eigjit 2b, one 3, and four 60. 



»t=r80 \ 

«80. ) 



2)f2«4x2«8X2=:16X5t=r80 

3X6Bl6>r5a>75 I Numbers for the ^ed teeth. 
2X2«4X2«8X2=16X6: 



The beats in an hour 14400, two pinions of 12, and one of 10, 
the balance wheel 16 : What must be the numbers for the wheel 

teedi? 

14400X 12X 12x10-^32b648000. The divisors are six 20, four 3>, 
and three 5«. 



2x2»4X2sdX2»16X2»;32X3B96 

2X3-B 6X3=18X5»:90 \ Numbers for the wheel teeth. 
3X6=16X6=76. 



1.1 



The same as the preceding, only the pinions here are all 12. 
14400X12 X 12X 12^-32=777600. The divisors are seven 2«, five 
3", and two 6*. 



U2=B4A2=8X2«16;r2=82X|3=96 i ^r u r *i. t. i 
2X3= 6Xa=18A6=90 } lumbers for the wheel 

2X3z= 6A3=18Ar6=90. j ^"* 



Slow trains are suited only for box ehronrome^rs ; 14400 has been 

geoenUy adopted; and where the balance wheels have 12, 14, 16, 

or 16 teedi, numbers for the teeth of the other wheels may easily be 

obtained. But with common numbers for the teeth of the wheeb and 

leaves of the pinions, and a balance wheel of 13, the seconds hand 

cannot point in a regular order to the seconds, on the seconds circle. 

The nearest approximation to this is by making the fourth wheel 74, 

and the balance wheel pinion 8, the train would then be 14430, being 

240.6 beats in a minute in place of 240. If we take numbers such 

as are not altogether impracticable for the foiuth wheel, and balance^ 

wheel pinion, the balance wheel being 13, we can get 14400 exactly ; a 

fourth wheel of 120, and a balance wheel pinion of 13, will do this. 

The following shows the train of 14400, with fourth wheels and 
bahiice wheels, with their pinions of different numbers. Th« fourth 



wheel is diyided by 0ip l?9]|m^ whed ^i^i 1*9 SSP*^^ ffl»!f»*«d 
by double of the number in the balance i^dieel te(^ g^yr^ tl^ beajliB 
in a minute* 

8)80( 10 X 24double the number of the balance wbeela240 X60al4400. 

13)120(^X26 • - 240X60=14400. 

«14)120(84^X28 240X60=14400. 

10)80(8 X 30 • - 240X60=14400. 

10)76(7iX 32 240X60=14400. 

The heats 18000 in an hourt two pinions of 8, apd one of 7, the 
balance ¥dieel being 16 : Required the numbers for the teeth of the 
wheels. 

Yd>rations in a minute 800X60X8X8X7-i-d0»268800. The divi- 
sons are nine 28, one 69 two 60, and a7. 

9X9alOX7a70 4 

2X2=4X2=8X2=16X2=32X2=64 }Numbera for the idieel teeth. 
2X2= 4X3=12X6=60. ) 

These numbers are suitable for afourtfa wheel seconds movementby 
putting 70 for the fourth wheel^ but this makes the teeth to be rather 
fine ; and where fourth wheel seconds are not intended, it is in favor 
of the moveoMBiit to have the whejBl^ in the order of 70, 64, and 60. 

Although there jve more examples given for finding qumbers for 
the teeth of wheeb than mi^t be thou^t necessary, it' was judlged proper 
not to set any of them aside that have been given. 

yf^nea thp number^ of the wheel teeth, and of die pinion leaves, 
are known, the train or beats in an hour in eidier a clock or watch, 
is obtained by mult^lying the wheels into one another, and the pro- 
duct by the double j^f the number of ^tb in the pwing or balance 
INrheel, and this last product, divided 1^ the amotmt of the piiuons 
multiplied into one another, wiO give for die quotient the number of beajts 
in an hour. 

Take fi>r example the wheeb 72, 649 64, and 16, three pinion^ oS B 
each to find the train } 

72 X64X 64 X32s9437184-i-8X 8X8=612 gives the train 18432. 

When die movement is for a fourth wheel seconds, dien the train 
is got by dividing the fourth wheel by the balance wbed pinicm, the 

*Tlie munberBhexecaabe 7and 60, which is dividing thfiiracuoiiJiS/i by 2. 
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itiidliplied by dduble of tho number of teelh in tbo balance 
lAeel, and then by 60, will give the beate or train in an hoar. 

tbe feuhU wfaedbedO^ the belaiice idieel 16, and ita pmion 8. 



11m 60-f-8±=10 X 80 X 60:=18000| the train required; 

It may be observed, that the rule for finding the train is nearly 
AeeoBvene of that for finding the teeth of the wheels. And as the 
mmber which is decomposed into divisors is the product of the wheel 
teedi muhqilied into one another; so this again being multiplied by 
double of die number of tiie balance wheel teeth, and divided by the 
tnm, the qootiAnt will be that number, which when resolved into di- 
Tiaon and properly arranged, will become numbers for the pinion 
letves. 

It is evidenty that if the number 9437184 be divided by the train 
18432, that die quotient 512 must be the product of the pinions mul- 
tiplied into one another. The divisors of 512 are nine 28, making 
three sets of 2x2=4x2=8, all the pinions being 8. 

The product of the idieels 96, 90, 75, and 32, the double of the 
bdmoe iriieel, being divided by the train 14400, the quotient wiO be 
1440, iriioee divisors are five 2«, two 3«, and a 5 ; arranging them wiD 
Aowdiepiiiiaiau 

2x2=4x3=12 1 

2x2=4x3=12 > Numbers for the pinion leaves. 
2x5=10.) 

h deserves to be remarked, that it has been fi«quendy tbe prao^ 
tio^toput an odd number of teeth into the balance wheel, althoti^ 
fte utore of the 'scapement would have allowed one of an even num- 
ber, an odnr cncumstances being made to accord ; this seems to hatd 
aiiMofirandie dd crown wheels, whose 'scapement would admit lib 
other mmiber but ah odd one, (as has already been mentioned in 
P<ell.) 

h movements ii^tended to give seconds by the fourth wheel in ik 
watch or chronometer of any kind, having assumed the train, and the 
oomber of teeth in the balance wheel, nothing more is wanting than 
to find the number of turns, (and parts of a turn when there are any) 
thai the balance wheel must make in a minute, firom which is derived 
the number for the balance wheel pinion, and by it is obtained that 
for the teeth of the fourth wheel. 

The numbers for the teeth of the second and third wheels, and for 
diefiiird and fourth wheel pinions, whatever they are, ou^ always 
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to gnre Ab rievoltitionB of the fourtb wheel, to those of the secmid 
wheel in the constant ratio of 60 to !• 

It may be thought unnecessaiy to mention here, that for diis pinr- 
pose the number of teeth in the second wheel should be eight times 
that of the third ^(viieel pinion^ and those in the third wheel seven and 
a half times that of the fourth wheel pinion. Indeed it will be the 
stole filing whether the grtoter nuiiiber is put into the second or 
fiurd wheel, provided the pinions be contained in tihiese numbers 8 
times and 7i times. If the numbed of teeth in the second wheel, 
when multiplied by diose ill die third wheel, and die product divided 
by that bf die fiiinl and fourth wheel piniotis multiplied into one 
toother, have 60 for the quotient, they Will then be in their proper 
tatio. 

Now to find the nmhbers for the balance wheel pinion, and the 
fburth wheel, in a fourth wheel seconds watch. As a fini example 
tn Hda toojf, we may take the train of a common watch, which in 
general b 17280, the number of teeth in the balance' wheel 16, tod 
let die fourth or contrate wheel be supposed to make a revolution in 
a minute : It is required to find the numbers for the balance wheel 
pinion, and for the teeth of the fourth wheel ? 

Atile. — ^Divide the train by 60, die quotient will be the traift or 
beats inaminute^ which being subdivided by double the number of 
teeth in the balance wheel, will give the number of revolutions, (and 
fractional parts of a revolution when there are any,) made by the 
balance wheel in a minute. If the revolutions are composed of a 
whole number, then the pinion may at pleasure be any number, which 
when multiplied by the whole number in the quotient, will give the 
niunber for die fourth whdel teeth. But should the revolutions cf 
the balance wheel be in whole numbers^ and firactional parts of ano- 
ther, the denominator of die fraction determines the number of the 
pinion; and the number for die fourth wheel teeth is obtained by 
multiplying the denominator by the whole number, to which the 
numerator must be added, making what is caUed an improper frac- 
tion« the numerator of which will represent the number for the fourth 
wheel teeth, and the denominator that for die pinion, as has been ob- 
served. The train 17280 being divided by 60, will give 288 in the 
quotient for the train or number of beats in a minute, and this sub- 
divided^y 30, the double of the number of teeth in the balance wheel 
will give the number of revolutions and parts of a revolution, made 
by the balance wheel in a minute, which in this case, will give 9fg^ 
for the quotient, as tiius, 30)2S8(9if, which b die same with 9^i 
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ihe dendmmator 10 of the fraction represents the number tor tbd 
pnioDt and the whole number 9 being multiplied by it, and the num- 
ber 6 added, will give the improper fraction ff , of which the numa- 
ntor 96 represents the number for the fourth wheel teeth. The frac- 
tioD -ff- may be reduced to V^, wher^ 5 represents the pinioUf and 
4S the fourth wheeL Ten for the pinion may be thought too high^ 
and if we fake 48 for the wheel, and 5 for the pinion, five may bd 
dnq^ too taw a number. 

There is, however, nothing impracticable here^ whether the pinion 
10(Kr5bet9keii» 

£ranpk 2d. Let 17400 be assumed for the tram, and 16 ^r tb0 
lAlaDce idieel teeth, what must be the numbers for the balance wfaiMl 
fkkm, and for the fourth wheel teeth? 

1740O'$-6OB290-r-30«=:9|f, or 9^, for the revolutions of the bqr 
hooe wbeel in a minute ; the mixed number, 9|, as it is called when 
reduced to an inqproper tmctiont will be -V^ ; the numerator 68 being tbo 
iAmber fiNT tbe fourth wheel teethe and the denominator 6 for thot of tbd 

Examph dd Take the train 18000^ and the balance wheel 15 ; 
to find the numbers for the fourth wheel and balance wheel pinion? 

18000-fr^s300-^30ss:l0, the number of revohitions made by the 
bilaiice wfaed in a minute, which being a whole number, any number 
my be tak^ for the pinion; if 7 is taken^ then the fourth wheel must be 
70; if 8 18 taken, then the fourth wheel must be 80. 

Example 41^ Let 18432 be assumed for the tram, and 16 for the 
bflJance wheel : Sequired the numbers for the balance wheel pinion, and 
for the fourth wheel ? 

18432-s-60s=307.if , or 307.2 -^32 =:9.6, the number and decimal 
parts of the revolutions, which would be made by the balance wheel in 
a minute; the pinion here must be 10, and the wheel 86, as represented 
in the knptoper fraction obtained firom 9^6 or 9 -/Vas-ff . 

Example 6th. The train 18000, the wheel 14 ? 

18000-7-60=300-^28= 10fi» or 10^==^. With the same train, 
and a balance wheel of 16, the fraction would be -^. The wheel be- 
ing 18, the fraction would be ^^. 

Example Sth. The train 21600, the wheel 16 ? 
21600-T-60ss360-T-30=:12, and 12x7 taken here for the pinion, will 

give 84 for the fourth wheel. 

4 



S6 niTDlNQ TttE PINION LEAVtIS. 

Example 7th. The train 14400, the wheel 15 ? 
14400-7-60=240-7-303=8, taking 10 for the pinion, and multiplying it 
hy 8, gives 80 for die wheel. 

Example Sth. The train 14400, thd wheel 14! 
14400-*-60:«240-J-28—8ifi or S^^^^f-, or^; for 18000, -y. 

Example 9th. The same train as the preceding, with a balance wheel 
of 13? 

14400-^.60=240-i-26=9A» or 9^=:^. This is the only fiao- 
tion that in this case can be obtained for a balance wheel of 13 teeth ; 
and although the numbers are rather high, they are not quite imprac- 
ticable. 

It has been alleged by some, that with ti balance wheel of 13 
teeth, it was impossible to constitute a box chronometer, and to have 
a train of 14400. An eminent maker has said that 18000 was the 
best train for them, at the same time giving 13 teeth to the balance 
ndieel in box chronometers, and 15 teeth to pocket ones : now a train 
of 18000, with a balance wheel of 13 teeth, cannot possibly be ob* 
tained, unless by using very high numbers for the fourth wheel, and 
also for the balance wheel pinion. What the numbers were which 
he adopted, we have not been favored with, and are of the opinion 
that no other can give the train 18000 but the following. The beats 
in a minute are 300, this divided by the double of 13, will give the 
revolutionB and parts of a revolution which the balance wheel must 
make in a minute. 300-s-26=:lli^, or llVr; this reduced to an im- 
proper fraction gives it -HV^. So that the fourth wheel must have 160 
teeth, and the balance wheel pinion 13 leaves ; and without these num- 
bers, it is impossible to obtain 18000 for the train, the balance wheel 
having 13 teeth. 

Example lOth. The train 7200, die balance wheel 121 
7200-s-60b:120-^24=5. Taking 12 as the number for the balance 
wheel pinion, it will require 60 for the fourth wheel ; a pinion of 14 re- 
quires 70. 

The foregoing examples apply wholly to such movements as are 
intended for fourth iii^eel seconds ; but even in movements where there 
are no fourth wheel seconds, numbers ipr the balance wheel pin- 
ion, and fourth wheel teeth, may be obtained, provided we have 
those in the second* third, and balance wheels, and in the third and 
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jborth wheel pinions, along mih the assumed train. Let the common 
train of 17280 be assumed, the second wheel 72, the third 64, the bal- 
ance idieel 15, and the third and fourth wheel pinions 8 each : Requir- 
ed the number for the balance iii^eel pinion, and that for the fourth 
wheel? 

Ibife. — ^Find how many seconds the fourth wheel pinion takes to. 
make a revolution ; from this number of seconds, calculate the train or 
nnmber of beats given by the balance wheel during that time, the beats 
being divided by the double of the number of the balance wheel teeth, 
Ae quotient will give the number of turns (and fractional parts of a turn 
when tfaeie are any,) made by the balance wheel in that time. 72 X 64 
4-8x8=78, the fourth wheel then makes 72 revolutions in an hour; 
tiie seconds in an hour are 3600-r-72=60, which is the number of 
seconds for every reVolution of the fourth wheel or its pinion; the train 
in a minute, or 60 seconds, is 288. 

Then 60 : 288 : : 50 : 240, and 240-i-30a8, the turns made in 60 
seconds by the balance wheel or its pinion ; the fourth wheel must be 64, 
and the balance wheel pinion 8, which will be turned round 8 times in 50 
seconds. If the balance wheel was 14, then the pinion would be 7, and 
fle iburth wheel 60, as 240-s-28=8t=::V^. 

Let the train assumed be 18000, the balance wheel 15, the second 
and flurd wheels 54 and 50, the third and fourth wheel pinions 6 each : 
It is required to find the numbers for the balance wheel pinion, and for 
tbe teeth of the fourth wheel. 

The fburtfi wheel, or its pinion, takes 48 seconds to make a revolu- 
tion. Then as 60 : 300 : : 48 : 240-^30=8> the number of revolutions 
whieh the balance wheel takes to give 240 beats. If we take 6 for the 
pinion, the wheel will be 48, as 8x6=48. 

Take as the last example : The train 18000, the balance wheel 15, 
the second and third w heels 80 each, the third and fourth wheel piniona 

10 each : Required the numbers for the balance wheel pinion and fourth 
vheel teeth? 

The fourth wheel pinion takes 56.25 seconds to make a revolutictn ; 
then, as 60 : 300 : : 56.25 : 281.25-^-30=9.375, or 9^=^-— 75 is the 
Qumber for the fourth wheel, and 8 for the balance wheel pinion. 

Trains for conunon watch movements, with balance wheels of 13 or 

11 teeth, are not readily made out,, from the frequent recurrence of 
piime numbers, which (M'e so high as to he unfit for the number of 
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leefh in any wheel. iThe following, however, are trains and numbers^ 
fi>r the wheel teeth, where the balance wheels have 11 and 13 teeth. 

The trdil $^9sumed is 17160, the pinions 6 leaves each, and the bal- 
HiiCe wheel It teeth: Required the numbers for the second, third, and 
contrateiii^eels? 

17160x6x6x64-22=168480. The divisors are five 2s, four 3s^dne 
$x atu) a 13 1 when they are arranged, may stand thus : 



l=:12x6=«). ) 

Er=:18x8=:54 } 

Is4x 18=52.) 



2Xd»4xd=:12x5»^ 

9X3»6x3=:18x8=:54 S Numbers for the wheel teeth. 

2X2: 



or the dfvisoro can be so disponed as to give the numbers 65, 54, and 

Should the train 17160 be thou^t too slow« then take 17732, withpinh 
tods of 6 eachi and the balance wboei 11,^ and the idieel teeth will bei 
62» 64, and 52. 

Bequlred tiie niunbers for the ndieel teeth, where the pinions are 8, 7^ 
and 6, the balance wheel 13, and the tram 17160? 

17160X8 X7x6-s-26=22176^, The divison^i give 64, 63, and 55 
fitf the numbers of the wheel teeth. 

With the same pinion and balance vt^eel, the train fixed at 17732, 
what must be the numbers for the wheel teeth? 

17732x8x7x6^26=229152. From the divisors here are obtained 
the tttimbers 66, 62, and 56, for the wheel teeth. 

The pinions 8 each, the balance wheel 18^ and 17732 the train : the 
wheels required for this are 88^ 64, and 62. 

The pinions 7 each, balance wheel 13, and the sc^e train as in the 
two last cases : the wheels required are 77, 62, and 4d. 

Numbers maybe got that are nearer in proportion to one another 
than those in the last two examples : there would then be a fraction in 
f he tmm ; but this might be considered as a thing of little or no conse^ 
queiHoe. 

The following are a few sets of wheels and pinions, whose trains might 
tie veiy admissible in practice. 
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Wlieds. 


Pinions. 


Trains. 


72, 60, 66, Id. - • 


. 7, 7, 7. - . 


. 18337tt 


70, 60, 54, 18. - 


jUtto 


- 17191ii 


70, 60, 65, 13. o • 


ditto • « 


. 17613AV 


74, 66, 66, Id. - . 


ditto - - 


. 17690f 


74, 66, 65, 13. « . 


ditto - • 


17276ff 


74, 66f 64, 18. • • 


8, 7, 6. • 


. 17316 



A balance wheel of » rather an uncommon fting, but, if a veiy 
fttmga witch was wanted, the train 17160 may be taken, tfaepiniomi 
beiiig6each; then, in this case, the wheeb 06, 60, 62, and 9, will give 
the tnm here assumed. 



fflieD a watch movement does not show seconds by the fourth 
viieel, it is requisite to know the time that the fourth or contrate 
»ieel takes to make one revolution ; for, knowing this^ the watch can 
^iDore ^»eedily regulated or brouglrt to time* 

Having the numbers of the teeth in the second and third wheels« 
l&d the number of leaves in the third and fourth, or c(mtrate wheel 
pinioDs, it is easy to find the number of turns that the contrate wheel 
■OBtmakefor one turn of the second or centre wheel; and the time 
flat the centre wheel takes to make one revolution being an hour^ 
(romduscanbe found the time that the contrate wheel takes to make 
cue revohikion. 

The nundiiers of the second $nd third wheel teeth^ in a commoA 
watch movement, are 64 and 48, the third and contrate pinions are. 
6 each; then to find the revolutions that the contrate wheel or ita 
pinioQ must make for one revolution of the second wheel: — Rde^ 
Multiply the numbers of the second and third wheels into one ano-. 
ther, die product divided by that of the third and contrate whe^ 
pinions will give, for quotient, the number of turns that the contrale 
wheel or its pinion must make for one turn of the second wheeL — 
64X48=(2692)-T-6X6=(36)=^2, the number of revolutions which 
the contrate wheel must make in an hour ; if 3600, the number of 
Mconds in an hour, be divided by 72, it lyill give in the quotient 60 
for the number of seconds that the contrate wheel takes to make one 
re?ohition. 

The wheels 72, and 64, the pinions 8 each; how many revolu- 
tions does the contrate or fourth wheel make in an hour, and how many 
seconds are taken in each revolution? 

72 X 64=(4608) t-8 X 8=(64)=72. the number of turns in an hour ; 
^ 3600-i-72=50, the number of seconds that each revolution takes? 
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— The wheels 70^ and 64, the pinions 8, give 70 for the number of 
turns in an hour, and 61.48 . seconds, the time taken for one revolu- 
tion. — The wfaeeb54, and 50, the pinion 6; the revolutions 75, the 
time 48 seconds to each. — ^The wheeb 76 and 64, the pinions 8, give 
76 revolutions, and the time 48 seconds, — ^The wheels 76 and 64, the 
pinions 10 and 8, give 60 revolutions each in a minute. — ^The wheels 
54 and 52, the pinions 6, give 75.22 revolutions; 47.86 seconds in 
time. — ^The wheels 80, and 64, the pinions 8, give 80 revolutions; 
the time 45 seconds each. A watch movement may come from the 
maker with its wheeb and pinions properly adapted for the train intend* 
ed ; but this may be rendered of no avail, unless the finisher takes the 
trouble to compute what number of teeth the balance wheel should have. 
It has happened (though rarely) from a want of attention to this, that a 
balance wheel has been cut 13, in place of 16, making die train 15600 
instead of 18000. 

A centre seconds watch whose train was 14400, which is by far 
too slow for a pocket watch, and therefore it was necessary to have it 
altered, and made quicker ; and here there lay some difficulty, owing to 
its having centre seconds, and more particularly so when a pinion of 7, 
and a balance wheel of 14 is wanted : by the former method, this pro- 
cess r^uired to be frequently gone over in consequence of which we 
took a process by analysis. 



Isty Supposing the balance wheel to have 14 teeth, and to make 10.5 
turns in a minute, then, 

14x2=28x10.5=294 the beats in a minute. 
This multiplied by - 60 the minutes in an hour, 

gives .... 17640 the train or beats in an hour. 

Again, multiply by the pinions 448 that is 8x8x7=448, 

gives for product - 7902720 From this deduce numbers 

for the wheels, 

64 63 
70)7902720(112896(1764(28 

Then with the wheels 70, 64, 63, 14, the pinions 8, 8, and 7, the 
train will be 17640 ; and if the leading pinion on the balance wheel 
pinion arbor be 8, this, multiplied by 10.5, will give 84 for the teeth 
of the centre seconds ii^eel, which will be carried round once in a. 
minute ; or the leading pinion may be 6 if the wheel is 63. 
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2d. Wheels 70,64, 60, 15; pinions 8, 8,7; train 18000; lead- 
ing pinion being 6, 7, or 8. The seconds wheel will be accordingly 
60, 70, or 80. 

Ten turns of the balance wheel in a minute gives 300 beats, and 
this multiplied by 60, the minutes in an hour, gives 18000, the beats 
in an hour. 

80 X 10=300 X60=18000 
Hult^lied by the product of the pinions - 448=8x8x7 

8064000 
64 60 

80)8064000(115200(1800(30. Here the wheels are as above, and 
30, die double of 15, the number of the balance wheel teeth. 

Sd, 28X11=308X60=18480 

Moltqilied by the product of the pinions - 448=8 x8 x7=448 

8279040 
66 64 

70)8279040(118272(1792(28. Here the wheels are 70, 66, 64, 
Bod 28, the double of 14, the number of the balance wheel teeth ; 
to a pinion of 7, leading a wheel of 77, will turn it round in a nn* 

nute. 



CHAPTER ni. 

Of Did Wheels or Motion Work, Length of Time of CMng wUk- 
out Winding Up ; and of (he Trai$i8 for Three Part Clocks, such 
as those which strike Quarters of ihemsehes, or give Chm/es or 
ISmes as Musical Clocks do, ^. ^c. 

To show how to compute numbers for the teeth of those wheeb and 
pinions, which constitute what is conmionly called the Dial or Mo- 
tion Work of a clock or watch, may seem unnecessary, yet to assist 
those who may not have had practice in this way, a few examples 
shall be given. The canon pinion which goes spring tight on the 
arbor of the centre pr second wheel, prolonged a little above the sur^ 
fibce of the dial, carries the minute hand round the dial in an hour. 
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If tbe number of teeth or leaves that it contains be multiplied by thd 
number of teeth or leaves in the minute wheel pinion* ami with the 
product* divide the product of the hour and minute wheels multiplied into 
one another ; the quotient should then be 12r^ual to 12 revohitioiiB of 
ihe canon pinion and minute hand* or one revolution of the hour wheels 
and hour hand. 

Suppose the canon pinion to have 10 leaves* and the minute pi- 
nion 12« these multiplied into one another will be 120 ; in this case 
the hour wheel must have 36 teeth, and the minute wheel 40, which 
multiplied into one another produce 1440* and this divided by 120 
gives 12 for the quotient, equal to 12 revolutions of the minute hand^ 
and one of tbe hour hand. Taking four times the number of the 
canon pinioni wiD give that of the minute wheel, and diree times tbnQ 
minute pinion* will give that of the hour wheeL If the numbers of the 
two pinions are assumed* they will lead to the numbers of the two wheels^ 
unless they are such as to bring in fiactional parts into (he numbers of 
the two wheels. In the case where the canon pinion is 10, and the 
minute pinion 12, iktir product 120, multiplied by 12$ will give 1440 ; 
this divided by prime numbers, as was done in the case of finding num- 
bers for the wheel teeth in movementSf will give divisors when right 
ttirangedf to [voduce numbers for the teeth in the dial wboeUu The 
divisors of 1440, axe five 2?, two 3^* and a 6* 

2x£4x&2xS6}^"™^" ^®' *® teeth of the dial wheeb. 

Twelve being the number of revolutions of the canon pinion and minute 
hand^ for one revolution of the hour wheel and hour hand, becomes the 
constant number, by which the product of the canon and minute pinions 
is multiplied, in order to ascertain numbers for the teeth of the hour and 
minute wheeb. 

Let the numbers assumed for the canon and minute pinions be 12 and 
14, these multiplied into one another will produce 168, and this again 
multiplied by 12, the constant number, will give 2016, whose divisors are 
five 2s, two 3"* and a 7. 

2X2=4X2=8X2=16X3=48. ) rri,.,.,^,^,^r,,,,t, ft,,,u« (Min.wheeL 
2X3= 6X7=42. J Tl»« number of teeth for the ^ j^^^ ^.^^ 

If 14 was taken for the canon pinion, 42 and' 12 for the minute 
wheel and pinion, the hour wheel 48, the ratio would be the same— 
that is, 12 to 1. 
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Let liie canon pinion be 14, and the minute ipdied pinkm 16 : fio^ 
quired the numbers for the teedi of the minute land hour wfaedd t 

Ux I6x 12=2688, whose divisors a|e seven 2", one 3, and a 7. 

2X2:=4X2^ 8x7=;a6 ) The namb«t ^r theteetli ( Min. wIimL 
2X2=4X2=8 X 2=16 X 3=;=48 | of the | Hour <tttt% 

Although not so direct a method as bfeaking Ibe number deim )>{f 
difisora, it may be seeo that 2688 is divisible by 48 into 66, or mcs 
tern. When this is obvious, recourse need not be tiad to getliiig 
tbe number of the teeth by divisors. 

In the case of a common eight-day fleconds clock, it may be ^een 
fliatthe nundier 3840 is divisible by 60 into 64« vhich were the aum- 
ben ^ for the wheel teeth from the divisors in breaking it down. 
But where a number is bight such as 124416, got from a train of 
17280, it reqpnres tobe made into divisors : The wheels hero are 64, 
48, and 48, which, when multiplied into one anotheri will give 
124416, and this, if divided by 64, 48, and 48, will leave no re^ 
nttinder* 

Let eaotber emunple be taken for dial w)ieels, where the canoii 
pinioQ is 18, and the minute wheel pinion is 20 : What must be the 
iHmtos for the teeth of the minutefmd hour wheeb ? 

18x20x12=4320. Thedivis<»rs are five 2^, three 3s, and a five. 

The dial wheels which are used in the Stogden repeating motion 

work of « repeating watdi, consist of a lantern or canon p^lion of 4, 

leading a wheel (^ 48, on which is the hour snail ; concentric ivMk 

Aem is a wheel driving the hour wheel, both being of the same dift- 

nieter and number, which b usually 36 or 36. The dial wfaeds of 

a common eight-day clock are somewhat similar to, those in Stogden 

motions, only put in a reverse order. Two wheels, of equal (Hiame- 

ter and mmiber, one of which is called the minute pipe wheel, and 

bas place of that of the canon pinion, the other is the minute wheel^ 

kmng iimiaDy a pinion of 6, 7, or 8, leading the hour wheel, of 12 

times the number of teeth tfi that of the pinion leading it, which 

nmnber may be 72, 84, or 96, according as the minute pinipn is 6, 7, 

or 8 ; the minute wheels have usually 42 teeth each. 

To find how long a clock or watch will continue to go, before re^ 
quiring to be wound iq), die number of teeth in the first or great 

5 
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wlfeeif aod the number of the pinion which it drive8« must be known. 
The number of teeth in the great wheel of the going part of a com^ 
mon clock is for the most part 96, and the number of leaves in the 
centre or second wheel pinion which it acts in* is 8, and makefi one 
resolution in aa hour ; so, consequently, it must make 13 revolutions 
for One of the great wheel, as 96, divided by 8, is equal to 12. Two 
revolutions of the great wheel is then equal to 24 hours, and 16 turns or 
revolutions of the great wheel and barrel will be equal to 8 days. The 
diameter of the barrel must depend on the inside length or height of the 
ease where the weight ftUs. 

In a common watch, the number of leaves in the second or centre 
wheel pinion is 12, and makes one revolution in an hour, the num- 
ber of the great wheel teeth which drives it being 48 ; for one revo* 
lution of which the second "wheel pinion must make four, equal to 
four hourti, the great wheel turning with the fusee having seven and 
M, lialf turns of a spiral groove cut on it ; 7i being multiplied by 4, 
wiU give the length of time which the watch will go before it requires 
te be wound up. 7, multiplied by 4, is equal to 28, the half turn is 
equal to two more, making in all 30 hours that the watch will go be- 
fore it can be run down, or require to be wound up ; but the winding 
up of a watch is done regulariy, or as nearly so as may be, at the end 
of every twenty-four hours, being a more regular kind of period, and, 
at the same time, taking the power of the main spring more at an equality 
offeree. 

Hours. 

For Ae dock, the ratio may be put thus 96 _i- 8:sl8AI6s=]9S > rp. ^.. ^ u «:ii ^ 
For the watch the ratio may be put thus 48-1.12=4X7.5= 30 j AhetuneitwiUgo. 

When a clock is r^uired to go a month, or 32 days, it must have 
Sji additional wheel and pinion to that of the eight-day clock. The 
c^litrQ wbe^ (or second in ordinary,) becomes the third wheel in 
ibp n^oveinent In 32 days there are 768 hours, and to find the 
Auupobers for the t^th of the great and second wheels for a clock 
^go ths^ time, the numbers for the pinions of the second and centre 
w^ls must be kpowpt and the number of revolutions to be made by 
t^ great wheel, whiph must always be equal to the number of turns cut 
on the barrel. If we assume 20 and 16 as the numbers for the pinions, 
a^d 16 for the revolutions of the great wheel and barrel, each turn is 
then equal to 48 hours, we can from these get such a number, that, 
when decomposed into, factors or divisors, will give sets to produce 
the numbers for th^ teeth of the two wheels. The rule to find the 
number to be decomposed, is : Multiply the pinions into one ano* 
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tiMffv md the product by die number of hours that t^e first er grekt 
wheel takes to make one revolution ; this hmt product will bethefltJtiB- 
ber which is to be decomposed. 

SOX 16 >C48s 16360. The divisors are ten 28, one 3^ and a 6. 
lxat=r4X2=:8x2sl6X2«32X2±=:64X2rsia6 

2x2rs 4x2a 8X33=24X5=120 

The number 120 may be taken for the teeth of the great wheel, and 
128 for those in the second wheel : as a proof, let the number 1631^ 
be divided by any one of the numbers 128 or 120, it wiU show itselt 
15360 -M28«120. 

Let the oombers assumed of the two pinions be 24 and 20^ the le- 
volotions of the great wheel and barrel 16, each being equal to 48 
hours, the time which the clock must go is then 32 days : hence to 
find die numbers for the teeth of the great and second wheels ? 

a4x20x48»23040. The divisors are nine 2^, two 38, and a 5. 

USX»4Ss8XSs=16X3=:48X3==::l44 1 The number for the teeth ( Great Whe«L 
Sl!br4X8=s8X2=16X8=38X5=r16e 5 ofthe f Second wheeL' 

No dock ought to go longer than a month, or 32 ^ys ; yet, if it 
is leqoired to make one goTor six months, or 200 days, the centre ' 
wheel, in a movement fit for this purpose, will become the fourth 
wbeeL To find the number for the teeth of the three ndieels, assume 
20, 16, and 12, for the numbers of the three pinions, the barrel hav- 
ing 16 turns, to find the time for one revolution of it and the great 
wheel: 200 days, divided by 16, the turns on the barrel, will give 
tw^ days and a half for each revolution of the great wheel ; twelve 
and a half days, reduced to hours, will give 300 hours for each revo* 
lodon of file first or great wheel ; 300 hours being multqdied by the 
product ofthe pinions multiplied into one another, will give such a 
flnmber, when decomposed into factors or divisors, that sets of them 
any be obtained to represent the numbers required for the teeth of the 
diree wheels? 



20xl6xl2x300=sll52000. The divisors Breien2^, two 38, and 
diree58. 

2x2=4x2r«8x2=:16x6= 80)^ u r *i. * .». f C^reat wheel 

•w number for the teeth 3 SecondwbeeL 
^« ( Third wlieeL 



2x2=4x2r«8x2=:16x6= 80)^^ ^ ^ , «™v w.«n-M 

2x2=r4x2«8x3=:24x5=120 I Th« number for the teeth ^ SecondwbeeL 

2x2=:4x2=8x3=i24x5«120 j ""^ 
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Afl aprdof of ffae opentioD, divide 1162000 bj 80, and the qfiotientbjr 
120| the neiil ^otient wiU be 120. 

As in the last extunl^e : a dock with three wheelSf going 200 dajSf 
and the band making a revolution in 300 hoi»B^ Siqipose it was w 
aolved to have Ais performed by two wheeb and two pinjioiiSr onaoT 
12, and the other of 10: Required the numbers for the teeth of die two 
^i4ieelst 

12 X 10 X 309ad6000. llie divisors are £ve 28, two 38, mi thrae 68. 
2x2«4x3s;:12x3z=36x6»l80 ^ The aomber for the ( Great WbeiL 
Sx2=:4X2tik 8x6&s40x6b200 ) teethof the .^ Seooad Wheel* 

What luie called mol^ih clocks, are sui^posed to be wound up on 
Ae first day of eVeiy month, for which re^asob they are commariy 
made Co go 32 dlays, or a very little longer. It maybe saidthatlt 
is not easy to remember or attend to the first day of eveiy month, t^ 
this day having (or Ming on) no regular or fixed day of the week» 
a5d that it would be better if the clodt was made to go so as the 
winding up could be done on the first Saturday, Sunday, or Momky 
of the month, which at first sight seems to have some sort of order kt 
it ; but the intervals in ibm way are of very dififerent lengths : four 
of these would consist of 36 days eaeh, and eight of them of 28 days 
tech) tkereifere, in order that the clock may suit this kind of winding 
up, it would require to he made to go, at the shortest, 36 dajm \ this 
however would be lessening the force in the inverse ratio of 36 to 32. 
An astronomical clock, or regulator, to go 32 days, will be after* 
wards desoribed. In making one to go 36 days, we must have 
a great wheel of a higher number, and the barrel a little leas in 
diameter. To make a clock go 36 days, many ways may be Bdopt* 
ed ; thQ. following is perhaps as good a plan a^ any : Suppose the 
case for this clock to be in length, firom the inside of the bottom 
to the centre of the dial, 6 feet 4.7 inches, the pulley, if the seat- 
board is of cast iron, will come within 4.6 inch^ of the centre of tilie 
dial, (one of the sides of its square being 12 inches,) and allowing 8 
fechee for the length of weight and pulley, will make 12.6 inches to 
be taken firom 6 feet 4.7 inches, leaving 4 feet 4.2 inches ; and, as 
4ie clock goes with a pulley, the double of this is 8 feet 8.4 inches, 
or 1044 inches. If we divide 104.4 by 17.6, the number of tuma 
proposed to be cut on the barrel, it will give 6.96 inches for each 
turn, which is so near to 6 inches, that we may take it for the cii> 
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emfattioe of the benrelf the diameter by the common proportion ; 
366 to 113 will then be found to be as near as possible 1.91 inch. 
Iniigid calculation, the diameter 1.91 must be lessened by the disr 
melerof the gut, suj^posed h^e to be .060 of an inch ; this, taken 
fioo 1.91, leaves 1.860 ; but as the groove or screw which is cut on 
Ike biirel for the gut t6 lap round on it, diminishes the diameter, 
vyofer this is must be added to 1.860 ; take one third of the diame- 
lerofthe gut for this, which is .016, and this, added to 1.860, makes 
2.876. The difference between 1.91 and 1.876, is so little as to be 
tfnooonsiderBtion; it is now however on the safer side. 

The length of the barrel between the ends may be determined thus : 
The handler o( die gut being taken at .050, multiplied by 17.6, the 
jmnbersf turns proposed to be cut on the barrel, will give .876 of an 
jack; Ihis allows no freedom for the gut to lay on the barrel ; there- 
in^ to have some degree of freedom, let the diameter or room which 
Ihsgnt oog^ to have, bo taken at .070; this being multiplied by 
17US die pioduct will be 1.225 inch for the length of the barrel be- 
tween die ends, which is so near 1.26 inch, that it may be taken for 
Ae In^th. If the great wheel is to have 160 teeth, and that they 
ahoaU have the same strength as those in the wheel 144 teeth in the 
£nt ^an, die diameter must be 3667, say 3 inches 6 tenths, and .67 
of one tenth of an inch ; the great wheel here, in place of going round 
n48lioorB, asby the wheel of 144, will require 60 hours; and 50, 
imiltipKed by 17.6, the number of turns on the barrel, will give 875 
Louis, or 36 days 11 hours, for the weight to fell before it can be 
whoDy run down in the case. 17.3 turns is equal to 36 days ; the pin- 
kos being 24 and 20, and the time of one revolution'of the barrel 
bemg50 hours, from these maybe deduced numbers for the wheel 
teedt 

24xS0x50b=:2400. The divisors are six 28, ene 3, and three 5«. 

2X3= 6 X5=s30 X6=: 150 ) The number for ( QntA wheel 
2x2»4X2s8x2al6x2»32x5=160 ) the teeth ofthe \ SecondwheeL 

Spiing clocks have seldom been made to go longer than ei^t days, 
jet, by judicious arrangement of the wheels, they could be made to go 
a month, or longer, if such a thing was wanted. The great wheels are 
commonly made smaller in diameter than what they ought to be, (con- 
sequently the teeth are too fine,) having 96 teeth acting into a pinion 
of 8; enlarging the diameter would no doubt require laiger frame 
plates, which might easily be adopted. The disadvantages attending 
or great wheek of a small diameter, are, the force of the main 



38 rUT WATCBSl. 

opting actmg strongly or forcibly in pitohiiigf where die teedi \mm 
no great def^ of hold on die pinion ; and in caaes of die fuaee chaiDt 
gut, or spring breaking, the sadden jerk bodcwaids of the great wheel 
is fiecpiently apt to break not only the second wheel pkiioti, but 
also to strip the great wheel of some of its teeth. iThe forde of 
die qiringin a spring-clock barrel, is greatei" than that of (he wdg^ 
usually hung on atoonmion eight-day clocks, whose great wheel teedl 
are stronger than those of the great wheels in sprikig clocks, ilUdI 
are, however, commonly made a litde ducker than die others, for die 
purpose of giving strei^ lo the teeth; yet this is not altogether idb^ 
quais to the end required. The lengdi oi chain, or gat, vAAA, ndeasor* 
ed or lapped round a fosee of 16 turns, when applbd round die bteel, 
measures six turns and three quarters m it, shows dmt die sprii% oi^ 
to make aboot nine turns and a quarter in die barrel, which will at 
low to set up (or bend up the spring as it is called,) one turn, or one 
turn and a Imlf, leaving, what is litde enough, one turn unbent, in (tt^ 
dernot to stram the cqpring, which might cause risk of breaking it 

In flat watches, the movement cannot admit the height of the fusee 
to have seven turns and a half on it, as in the common sort, because 
diis would require the fusee chain to be so thin, that it would not have 
strength to resist die force of the main spring, and, therefore^ liable to 
be broke, a circumstance which from this cause very frequendy takes 
place; therefore, to prevent such accidents, a less number of turns, 
such as five or six, should be cut on the fusee, so as to allow as strong 
a diain as may be. The second wheel pinion, in place of being one 
of 12, might be of a less number, and that of the great wheel increas- 
ed, in order ^t the \hitch may go dO hours before being run down ; or, 
if the pinion is required to be one of 12, this will require the number of 
the great wheel teeth to be still more increased. 

Suppose the second or centre wheel pinion to be 12, and the fiisee 
to have six turns and a half cut on it : Required the number of teeth 
for the great wheel, so as the watch will go 30 hours? Take the pro- 
portion of the common watch, where the fiisee has seven turns and a 
half, the great wheel 48 teeth, and the pinion 12, which is the same 
as in the example taken, and say, as 6.6 : 7.6 : : 48 to the number of 
teedi required, it is evident that a greater number than 48 is requir- 
ed, so that 48 must be multiplied by 7.6, and divided by 6.6, the 
quotient wffl be found to be nearly 66.4, as a number for die teeth of 
the great ^^heel'; but this being a fractional number, and impractica- 
ble in wheel teedt, the great wheel maybe made 66; this, divided by 
the pinion 12, will give for quotient 4.66 hours for one revolution of 
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Ike groat whe^; ^ril^ntbi»i9multiIlUed by6.6tunis made by die great 
vbeel ai|i . fiiaeOf it vfjU give 30.38 bqurefor the time thatthe watch. 

The number for the great wheel teeth may be found by another way. 
flFhat^fer is th^ mimber of turns proposed for the fusee to have> by 
it difide 30, the number of hours which it is intended the watch shall 
run, the quotient will be such a number, that when the number of the sec- 
Md wheel pimon is mulli{^ed by it, the product will be the mmiherfor 
Ae teelbef the great wheeL For. exai^le, let the iHmib^ of turns on 
d» fusee be 6, and the number of the second wheel pinion 14 : to find 
the BBDober of teeth that the gi^eat wheel must have, so as the watch 
Ml gp dliity hovHs ? 

90!!-i-6s6xl4=70, the number of teeth which the great wheel must 

Ifitis proposed for the. second wheel pinion to be 10, and the fbsee 
bkfe 6 tmns : What is the munber of teeth that the great irfieel ought 
tohnre, ao as the watch shall go 90 hours? 

30-i-6=5 X 10=50. The number of teeth for the great wheel. 

The fusee to have 6 turns, the second wheel pinion 10 : Required the 
nnber for the great wheel teeth? 
S(>-fr^5«?i6xl0=:60. The number for the teeth of the great wheeL 

When flat watches have been, required, the n^vement is sometimes 
made without a fusee, and in its place is introduced a large toothed 
lanel, in order to admit of a thick and sufficiently strong spring, die 
banel having a great number of teeth, and the centre wheel fMnion a 
small nomber ; so as that the spring, the barrel teeth, and the seccmd 
orcentie wheel pinion, may contribute as much as possible to give 
the watch an equable power during the time of running out the. dO 
houre or a little more. There is an economy (if the expression may 
he used,) made with the main spring, by means of a iusee* which 
makes eveiy part of the i^riog more effective, dian where a fusee is 
wuitiiuL 

A few more examples may be given to find the numbers for the great 
wheel teeth. 

It is prc^>osed that the fusee is to have 7 turns, the second wheel pinion 
16, and that the watch shall go 30 hours : Required the number of the 
teeth for the great wheel ? 

The hours 30, being divided by 7, the proposed number of turns 
for the fusee, the quotient is 4.3 nearly ; 16, the number of the se- 
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oond wheel pinion, being multiplied by it, gives 68.8 as the number 
for the great wheel teeth; but, being a finactional number, it cannot 
housed as a number for wheel teeth. The^dieel, howoTor, maybe 
cut 68, 69, or 70, as either of them will be near enough 90-i-7=4*8 
X 16=:6a8, i^ch may be called 69, for the number of the great wheel 
teeth. 

The fusee to have 6i turns, the second wheel pinion to be 14^ and 
the watch to go 30 hours : Requned the number finr the great wiied 
teeth! 

30 hours, divided by 6.6, the turns, the quotient is 4.616 neariy, 
which, being multiplied by 14, the pinion, gives 64.624 for the wheel 
teeth; 65, or 66, may then be taken, as 64.624 is a fiactional number* 
30-i-6.5=4.616 X 14»64.624. 

In a box chronometer, where depth of room, and great hei^ of fiisee 
can be easily got, let the fusee have 10 turns, a second niiieel pinion of 
20, and the time required it should go before being run down, 40 hours a 
Required the number of teeth for the great wheel ? 

40-»-10=:4 X 20=80. The number of teeth. 

In a box chronometer, the fusee to have 8 turns, die second wheel pin- 
ion 18 leaves, and the time it must go, 40 hours : Required the nuinber 
of teeth for the great wheel ? 

40-»-8=5 X 18s890. The number required. 

Box chronometers are sometimes required to go eight days, a length 
of time by no means in their favor ; and some address is required to 
plan out a movement of this sort, so as it shall be well suited for the 
purpose. As in an ei^t day spring-clock, the fusee may have 16 
turns, the great wheel 96 teeth, and the second wheel pinion 8 
leaves, which will make it rui^ eight days ; but it would be better to 
have two wheels in place of one, and two pinions, each of a greater 
number than that of 8. The hours in eight days are 192, which, di- 
' vided by 12, the proposed number or turns for the fusee and great 
wheel to make, will give 16 hours for each revolution; the pinions 
being assumed at 24 and 20 : Required the numbers for the teeth of 
the great and intermediate \dieels? — Observe, that the interme^ate 
whed is the second, the centre or second wheel in common now be- 
comes the third. 

The product of the pinions multiplied into one another, being 
multiplied by 16, the hours for one revolution will give such a nuni- 
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ber, tint, when decomposed, the divisors can be formed into sets ihr 
the iiiiiid)erB of the teeth required in the two wheels. 

34x20x 16=37680. The divisors are nine 2s, one 3, and a 6, 

2X2=4X2= 8X2=:16X3=80 > The numberibrj P'^r;,^;^^ 
2X^=4X2=8X2=16X2=^2X6=96 ) the teeth of the W'^^^'^^o?^ 



in» preceding Rules and examples given of them, it is presumed, 
Qiay be of some use to either the dook or watch movement maimer* 
When movements come into the hands of the finishtr^ the wheete and 
finioiisare made; therefore, a few es^amples, although y^ simplet 
ihaU be given, in order to know what imtc the numbers required to be- 
cot oca watch or clock, fusee, or barrel. In a watch movement, the 
great wheel having 60 teeth, and the second wheel pinion 10 : Requu^ 
the number of turns to be cut on the fusee, so as the watch may run 30^ 
boms? The great wheel 60, divided by the pinion 10, the quotient is 
6; and 30, divided by 6, gives 5 fpr the lE^umber of turps required. Fof 
(04-10=6, and 30-^6=5. 

The number of turns which a spring should make in the barrel, de^ 
pejkda on the number of turns mftde on the outside of the barrel, ipeasvr-* 
ed by the length of chain which fills the groove on the fusee. 

Soppose a chain which fills the fusee measures fqur turns on the bar- 
rel, &ea the spring ought not to make less th^n six turns in die barrel. 
If the chain which fills the fusee measures three and a half tunpis on the 
baijel, the spring should make about five turns in the barrel. Having 
met with some who are bred to the business^ as theji 9aH yet did not 
know even this plain and simple rule, which may stand as an apology for 
its ioaertion here. 

The tram of the striking and quarter parts of clocks may now be 
taken into consideration, as well as that of the runners^ as they are caD- 
^ by the movement makers, that is, the wheals in the repeating parfal of 
watch and clock repeaters. 

The striking part in an ordinary eight-day clockt ba3 84 teeth in 
tbe great wheel, 66 in the pin wheel, 48 m the tumbler wheel, and 
42 in the fly wheel ; the pinions are one of 8 for the pin wheel, one 
of 7 for the tumbler wheel, and t^ro of 6 each for the fly wheel and 
fly* The fly here makes 56 revolutions for every blow of the ham- 
mer, and eight blows for every revolution of the pin wh6el, which has 
^t liflung pins in it^ while the tumbler wheel makes] one for every 
blow. The tumbler and fly wheels being multiplied together, and 

6 
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the product divided by the product of the fly and fly wheel pinions 

48x42 
multiplied into one another, the quotient will be 66, for = 56, 

the number of turns which thiB fly makes for every blow of the ham- 
mer. In common, the great wheels have been made with 84 teeth* in 
case of the clock when mad^ to repeat or strike the hour which it last 
struck; and this was done to prevent the striking part from nmning 
isooner down than the going part But when the clock is aUowed to 
strike only of itself, a wheel of 84 is not necessary, providing the bar- 
iiels in both the going and striking parts are made of equal diameters. 
The number of Mows given in 12 hours is 78, for if the first blow 1 
at the one o'clock hour, is added to 12, the number of blows given at 
the twelve o^clock hour, the sum will be 13, and this muhifOied b^ 
12, the number of times the hourd are struck, the half of ttus sum 
will be flie number of blows struQk by the hammer in twelve hours. 
For 12+1=13x12=156-7-2=78, or 6i taken as a mean term to 1 
and 13 ; then 12 multiplied by 6 j- will give 78. 

The great wheel then may have 78 teeth, the pin wheel pinion 
which it drives being 8, the wheel having 8 pins for raising the hammer 
tail, it will be seen, that the pin wheel must raise the hammer tail 78 
times for one revolution of the great wheel The great wheel 78 be- 
ing divided by the pm wheel pinion 8, the quotient will be 9f , the 
number of turns and parts of a turn, which the pin wheel makes for 
one revolution of the greiit wheel, which multiplied by 8, the number of 
pins in the pin wheel, the sum will be 78: For •^=^•75, and 9.75x8 
=78. The advantage, though not very great, is on the side of the wheel 
of 78, in Aie inverse ratio of 84 to 78. 

The wings or vanes of the fly by resisting the air in its revolutions, 
tend to regulate the motion of striking wheels when lifting the ham- 
roeTy otherwise there would be an acceleration when striking the long 
hour, (twelve,) as it is called, which would easily be perceived by the 
ear. The wings of the fly are commonly made too thin j were they 
to be made thicker, it would give the fly a degree of momentum to 
cany forward the wheels a little, in case of any temporaiy resistance 
From thick ofl or such like ; and, in order that the fly should act both 
in rc^is&ig the air, and, at die same time, to have a tendency to cany 
ijbe wheels forward ; the fly pinion in its size should be made a mean, 
to that of driving and being driven. When nicety is aimed at, the 
train of tfa6 wheels' should be reduced* and the wings of the fly a good 
deal extended, making its revolutions outside of the frame, placed com. 
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moiiif behind the pillar plate* as is sometiines done witA the fly, to 
moac or <{uarter part8« limitiiig the number of revolutions to ten or n 
doveoi or a veiy little more* (in place of 66) for eveij blow of the 
hanuiier. In tunet clocks, we Imve reduced the revoliktionfl of tho 
flyto three orfiNirfor every blow of the hammer. 

Stnking parts can be regulated by means of an esci^ment and a 
pendyhmii the teeth of the wheel which lifts the hammer tail serving for 
tofiog widi the pallets, no train of wheels and pinions being beyond 
tbilof the Uftiiig wbeeL A lifter, having at one of its ends a sprii^ 
jointed piece (or nags-head joint), which locks the pendulum |by the end 
of d» rod, when the lifter is discharged at the hour, and fidling dowii» 
Itg^vaa fiierty for the pendulum to vibrate while theclock isstriking; 
al the last blow of the hammer, the lifter being raised up when Ao 
penthihoD is very near the extremity of its vibration, it passes the naga* 
hndjokdt but in returning it is locked and caimot pass, until the hour 
isagainattbedischargingof the lifter. 

The mechanism required here may be greater perhiqis than any 
adfintage that can be gained by it Reducing the train of the wheda 
asmichaa may be, and giving extension and momentum to the fly, ap* 
pear to be the best means to regulate the stnking parts, and lessen the 
nflaeDce of oil on the pivots ; where the train is great, and cdd wea* 
dier thickftning the oil, clocks and repeating watches are very apt to 
strike to slow, that it becomes tiresome to attend to the number of 
blows which are to be made. Adopting in conmi<m ei^t-day clocks 
apnncqiJe very proper for a hammer-head in steeple clocks, but very 
improper in the former, (as has been found by experience,) that is, by 
gifing a massy head to the hammer, the consequence of this is, that 
in cold weather, common clocks are found to strike very slow ; on re- 
dueii^ the wei{^ of the hammer-head one half, the efiect of this 
on the striking, particularly in cold weather, is greatly to its ad- 
vantage. 

Since die <^d locking plate and count wheel method was given up, 
the loddag of die striking of a common eight-day clock has general* 
ly been done by means of a tumbler tail, pressing on a pin fixed be- 
bind the rack on one end of its arch, the tumbler being put on by 
means of a square, on a thick pivot of the tumbler wheel pinion squared 
br this purpose, and when not well fitted, the tumbler was iqit to get 
loose and sometimes drop from its place. There was even some nicety 
required to make the pressure of the tumbler on the pin in the rack, 
80 that the force of the striking weight on the tumbler wheel, should 
not make the tumbler bear too hard on the rack pin, and consequently 
make the rack tooth bear equally so on the nose of the rack catoh. 
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When thd tombler pressed in this way, it made the discharge of ihe 
striking require more force than was proper. On the other hand« if the 
tumbler rested in such a Quanner on the rack pin as not to press it, as it 
were in seme degree from it^ in this case the rack sometimes did not fall, 
and then no striking took place, or, if any did, it was only by giving a 
single blow. 

To prevent such occurrences in future^ we made the pivot of die 
tumbler whed smaller, and fitted the tumbler on by a round in place 
of a square^ having no tail to it, the loi^king now being by a pin in 
the fly wheel, pressing very gently on a piece fixed to the inside of 
the arm of the rack catch ; a like piece was fyceA to one end oi an arm 
of the disGharging lifter) a little behind the others so as to give some 
room for warning when at this ; on the lifling arm dropping ofi* from 
the pin in the minute wheels the pin in the fly wheel at this instant 
got free or dischargedi and the striking went on till the locldng of the 
fly wheel again took place. The first opebingv or space for teeth in 
the rack) was made somewhat deeper than the rest, so as the rack catch 
when falling mto it at the close of the striking, might get down 
enough with its piece to catch the pin in the fly wheel and lock it ; 
the other spaces between the rack teeth being less in depth) kept the 
rack catdi and its loddag piece so much up during the striking) as 
|irevented the pin in the fly wheel from interfering with it This 
mode of locking a striking pait will, on the whole, be found safe, sure« 
end easy. Reducing flie train of striking parts> we have long insisted 
on and practised, having brought flie train of repeaters down from above 
6000 (at which many were made) to 2000, and even to 1200, or 1000,^ 
with success. What a labor the fly pinioA had to perform in those high 
trains ! making above 300 revolutions for every blow of the hammer^ 
which might have been effected with one third of the number. Julien 
le Roy had good reason for reducing the train so low in number, as to 
find it was necessary at last to bridle it by means of a 'scs^ement ; 
tins was certainly an ingenious contrivance, and fix>m which there is 
no doubt ftiat M. Berthoud took the idea of bridling the striking part of 
a clock also by means of such an escapement and pendulum as has just 
nc^ been described. 

The train of the nmmngs, (that is the wheels and pinions which 
aerve for the repeating part of a repeating watch) when carried to a 
high number, must necessarily require a considerable portion of the 
force of the repeating main spring to turn the wheels and pinions, 
independent of that required to lifl the hour and quarter hammers: 
hence the feeble blows given by many of our repeating watches. Com« 
fare the 6050^ revolutioRS made by the fly pinion for one turn of the 
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fiM wheels with that of another, where the last wheel which is a 
'scapoment one, makes only 147fff^ revt^utions. The runnings of 

the one were^X36xa3x38x30 -^ e060, the number of turns made 

6X6X6X6X6 

by the fly pinion. The runnings of the other were — ^ = 

7x7x7 

I47fff^ die Munber of revolutions made by the 'scapement wheel 

wfaidi had 16 teeth, the double of which is SOy and 30xl47fH=* 

^33if^ the number of beats made by the pallets/ 

Our repeatiBg movement mfeikers have of late got into the way of 
making ibe ratchet teeth of the arbor of the first wheel of the nm- 
ninga, io the reverse order to what they ought to be, and this seems 
io have caused the repeating motion maker to introduce an interme- 
disle pinioii or wheel between the rack and the pinion, which is on a 
square on the arbor of the first wheel in the Stogden motions, which 
lakes away from the good effect, which the rack would otherwise have 
did it operate solely with the pinion on the ratchet arbor. 

Io repealing movements, where the repeating barrel is made with 
aratchi^ edge on the lower end (as it may be called,) the barrel let 
tbou^ the potence plate firom outside^ the ratchet edge being sunk 
in it, having a click and spring fixed on the potence plate so as to 
act with the ratchet edge, a bar across the barrel, and its ratchet edge 
is screwed on the potence plate and keeps the barrel in its place, just 
aDowiog it lo have freedom to be set about by means of the ratchet 
edge. This is a contrivance which is neat, ingenious, and conveni- 
ent, as bj it the repeating spring can be set up any part of a turn 
tbat should be requisite without interfering with the motion work. 
llVhere a pinion, or a pulley, is put on the ratchet arbor with a square, 
they require to be taken from off the square, and besides interfering 
with the motion work this way, a turn is the least quantity that the repeat- 
ing spring can be set up. 

The following are trains for t three part spring clock, or quarter 
clock, as it is called. For the great wheel of the going part, 120 
teeth, second wheel 100, and the pinion 10, third wheel 100, and the 
pinioQ 10, the swing wheel 30 teeth, and a pinion of 10. The vi- 
Inations will be found to be 100 in' a minute,' and the pendulum (by a 
nde to be given aflerwards for finding the lengths of pendulums,) will 
require to be 14.112 inches in length. The great wheel of the striking 
part 100 teeth, the pin wheel 64 teeth, 8 pins, and a pinion of 10, 
^ tunibler wheel 66, and a pinion of 8, the fly wheel 46, and a pi- 
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aion of 8) tbe fly pinion 12. The revolutions then made by the Ay 
for every turn or revolution of the tundto v^ieel will be 26.888« 
For 66x46-rBxl2sr26.833| the number of turns made by the fly 
and its pinion. The great wheel of the quairter part has 120 teeth, 
the seoood wheel 80, and a pinion of 10, die tumbler wheel 66, and 
a pinion of 8, the fly wheel 46, and a pinion of 8, and the fly [Hnion 
12. The fly and fly pinion in fliis part make also 26.888 reyohitiQOB 
for every turn made by the tumbler wheel, which is one for eveqf 
quarter, eadi quarter being 8 blows of as many hammers, each oo its 
own bell. The second wheel of 80 turns, a wheel ci 40 which is oo 
one of the ends of die quarter barrel, having five rows of pins put on 
it for Ihe same number of quarters, making two revolutions in die 
hour, it gives ten quarters in that time, as 1+2+3+4bb10. The 
length over all in die flys used in the striking and quarter parts may 
be about three inches and a half. If the tumbler wheels were made 
06, die fly wheel 42, their pinions 8, and the fly pinion 14^ the re- 
volutions of the fly would then be 21 for every blow of the hammer. 
For 66x42-»-8xl4a21. A fly to bridle diis would require to be in 
ieigth, over all, four inches and a half, or a litde more. The numbers 
for the teeth of the tumbler and fly wheels may be deduced from as- 
suming the number of the revolutions the fly is required to make, and 
knowing the numbers for fly and fly wheel pinions. Suppose the pi- 
nions are 8 and 14, the number of revolutions the fly is required to 
make is 20, dien to find the numbers for the tumbler and fly wheel 
teeth. The pinions multiplied into one another, and the product by 
the number of revolutions of the fly pinion, will give such a number, 
diat when made into divisors, will give sets for the two wheels. 
8x 14 X20=2240. The divisors are six 28, one 5, and a 7. 
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The great wheeb of the going and quarter parts make one revolu- 
tion in 12 hours, the fusee must then have 16 turns. In the quar- 
ter part, the tumbler wheel making one revolution every quarter, 80 
the number of the second wheel, being divided by 8, the tumbler 
wheel pinion will give 10 for the number of quarters struck in an 
hour. The second wheel 80, makes 12 revolutions for one of the 
great wheel, as 10, the second wheel pinion, will divide the great 
wheel of 120 into 12, therefore the great wheel of the quarter part 
will make a revolution every 12 hours. By the striking part, there 
are 80 blows given by die hammer for one revolution of the great 
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iriiMii ao that the number of turns given to the fusee may rather be 
Ibm thMi 16. For if 78 Mows require 16 turns on the fusee, so as to 
kaep ap tte strUung for eight days, then 80 blows for one turn of Ae 
fusee wiB requite only 16.6 turns to keep up the striking for the same 
time. In an Inverse ratio, say as 78 is to 16, so is 80 to 16.6, that 
m 78xii-r^ ss 16.6. If the number of teeth in the striking great 
wbeel had been 98, then thb bk>ws given in one revoluti<m would have 
bMB 78.4. For 100 : 80 : : 98 : 78.4, and the number of tuiUs le- 
fnsdftrthe fiisee 16.91, er 16.92 nearly: Foras78 : 16: :7a4: 
l^f 1 + taken as above in an inverse ratio. 

IfasRi or chime parts in clocks, have their trains nsgubted s<)nie- 
taies landi m Ae same way, as has been described for the spring 
qilnter part, and scMnetimes they have the fly turning intk the upper 
cadof iaiaprif^t arbor on the lower end<rf* which is fiMmed anend- 
iwsciew^ either of a single^ doable, triple, or quadruple thread* inio 
lUdi the last wheel in the train works. In a single threaded endless 
anw, ene tooth of die wheel must pass for every turn or revolution 
flf teity, two for die double, three for the tiq>le* and four teeth ef 
tevhed nnlst pass for eveiy turn of the fly, having ail endless screw 
cf fonr threads on its arbor. The .number of threads in the endless 
SBreWi and the position of its arbor, for it may be placed either faori- 
aomdly or upri^t, are things which may be determined accordii^ 
to the fincy of the movement maker, or to the plan he may have 
dengoed ftr the cloek. A ffy havhig an upri^t arbw, and a quad- 
npb threaded endtess screw, wfll tiim easily and with great vdod* 
tfi hence it wiU require to have the wings or vanes of consideii* 
aUe eHent so as to bridle the train. The wheel on the end of 
Ae nranc barrel which is turned by part of the tram of wheels 
end pinions, has sometimes no connection widi the reguhiting part 
of it, wUch is formed by the fly wheel and pinion, and the fly 
hsfiag eidisr a pinicm or an endless screw for its arbor. But this 
atee/ is made to pitch nicely in with another wheel of the same 
number and diameter, which may be considered rather as a kind of 
IQ imperfecticm, as in Ais way die music barrel whed will have 
eoriie degrto of liberty by the shake of the teeth (however little) 
inthe two wheels. lie barrel cannot turn so steadily as it would 
kavedone when placed between the fly wheel and fly, but to have 
fliis, three wheels of the same number and diameter are required, the 
barrel wheel is driven by one, and it drives the other wluch turns 
Ae fly wheel pinion, and the fly wheel turns either a fly pinion 
or an endless screw. Sometimes there is a wheel more in the train, 
the pinion of which is driven by the wheel that is driven by the 
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barrel wheel, and the wheel which is on this pinion drives the ftjf 
wheel, and so on. The furst or great wheel of a music part being 
96, on the pinion of 8, which it turns, is a wheel of 72, pitching 
with the music barrel wheel of 72, each being of the same diame- 
ter ; the second wheel of 72 also turns the fly wheel pinion of 12, 
on whose arbor is the fly wheel of 82 teeth workiiKg into a sing^ 
threaded endless screw, on the arbor of which the fly is carried, llie 
music barrel is made to turn three times round, at the end of eveiy 
three hours, and the tune which is on it is played three times over; 
during the time of one revolution or tune, the fly makes 108 turns 
and two thirds of a turn. For 72xd2-»-12Bl08t, being the second 
wheel of 72, multiplied by 82 the fly wheel, and the [uroducl divided 
by the fly wheel pinion of 12, gives the number of turns which the 
fly must make. The pinion of 8 being taken to divide die great 
wheel of 96, the quotient will be 12, the number of tunes played 
in 12 hours, the threes in 12 are four, and three the number of 
times the tune is played every third hour. For3x4?a:12, a revolution 
of the second wheel is niade in th9 same time as one of the music bar- 
rel and its wheel. In this example the music barrel is out of the power 
of the regulating fly. 

The example of a music part now to be given, shall be of that kind 
where the music barrel is placed as it were within the control of the re- 
gulating fly. The first or great wneel is 96, the second wheel pinion is 
8, and the wheel 84, which turns the music barrel and its wheel of 84 ; 
this, again, turns another wheel of 84 ; these three wheels being of the 
same number, must consequently be of the same diameter. The last 
of the three turns a pinion of 8, whose wheel is 64, which turns the flyw 
wheel pinion of 8; the fly wheel of 48 turns the fly pinion of 10, it 
must then make 403.2 revolutions for one of the music barrel ; the three 
wheels which are between the barrel wheel and fly pinion being multiplied 
into one another, and the product divided by the product of the two pin- 
ions of 8, and the fly pinion multiplied into one another, will give 403.2 
for the quotient For 84 X 64 X 48-^8 X 8 X 10=403.2, the number of 
revolutions made by the fly and its pinion for one turn of the music bar^ 
rel. The music part, by the going of the clock, is discharged every three 
hours, and plays the tune three times over as in the first example, cons^ 
quently the tune is played 12 times over, for every revolution of the great 
wheel. The length of the vanes of the fly over all, must be about 3,65 
inches, and breadth half an inch. 
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CHAPTER IV. 

Oii#Mmg JVttmim for the Wheels and Ptmane of Orreriei, Plan- 

etarnam^ ^c. 4^. 

Hivuro given a sufficient number of* eoLamplee how to obtain num- 
bers fit Jbr the wheel teeth of any watch, time-keeper^ or clock of any 
descqitionv it may not now be out of the sphere of practical horo- 
logy to select a few numbers, such as are properly suited for the mo- 
tions requisite for orreries or planetariums. The business of making 
phaetuiuiDs or orreries, is so closely connected with that of the clock- 
maker, that a sort of Table shall be given of most of the numbers that 
ciD be adopted for such machines. The greater part of them are 
^anb of Janvier, taken or copied from Histoire de la metute dm 
inf^iom, iL chop. vL Des horologes d Sphere MowoanUe* pp. 238,* 
139, 240, and 241. Par Ferdinand Berthoud. Paris, 1802. A 
description of the Sphere Mouvanie by Janvier, with the numbers 
ofitsidieel teeth and pinions, had been given by him to the Nation- 
al lostitate; and Berthoud, as one of the commissioners appointed 
to eomine it, got the opportunity of seeing these numbere, which he 
soon afierwards published, and, as wo suspect, without Janvier's om- 
seot We are led to suppose this from Janvier himself declining to 
make them public, as seems evident from his own work published, and 
eotided, ^Des RewUiUons des corps dUsteSy par U mechanism 
^Bumages^ Paris 1812 ; which see. 

The first planetary machine or orrery made in this countiy, was by 
the celfdwrated George Graham, clock-maker, (so he is styled in a 
print eograved by Faber, from his picture by Hudson, in the posses- 
son of the noble family of Macclesfield,) who was well skilled in the 
various branches of speculative and practical philosophy. Olrery was 
a Dame given afierwards to it, but not by Graham. 

What follows, is intended to show, how to find the numbers for the 

teeth of wheels and the leaves of pinions, that shall give a revolution 

to a wheel, or figure representing the motion of a planet, in a clock, 

orrery, or in any planetary machine ; which must bo performed in a 

determined or certain period of time. It has already been shown, 

tktn in the train of a clock or watch, the number of the pinions 

and their leaves, and the number of teeth in the swing, or balance 

wheel, are fixed upon^ that it is an easy matter to find numbers for 

the teeth of the other wheels. But to find such numbers for the 

7 
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wheels and pinions in a planetaiy machine^ as shall cause a revolu- 
tion to be niade by a wheel, which must give die mean synodical re- 
volution of a planet, that of the moon for instance, in a period of time 
consisting of 29 days, 12 hours, 44 minutes, 2.8283 seconds, wiU be, 
at least to some, rodier an intricate and difficult operation to make 
out; being confined to have diis revolution performed within, or ex- 
actly to an almost infinitely small portion of space or time. Former- 
ly, calculations to find numbers for the teeth of wheels and pinioost 
suited to give the revoluticmofa'planet tolerably near, seems to have 
been the work of years, and that not very long ago, a thing* which 
may now be done in a few minutes. The clock which was made by 
Dauthieu for Louis XIY. King of France, about the year 1749| mov- 
ed a small sphere, or rather more properly in our language, an orreiyt 
representing the solar system, according to Copernicus. The coih 
structicm and arrangement of it, and the calculation of the whed teethf 
were made out by M. P&ssemant, in mdiich it is said^ that he had 
been employed for such a length of time as twenty years. The mo- 
tions in this sphere, or planetary machine, were allowed to be veiy 
exact by the report of M. M. Camus, and Deparcieux, delegated by 
the Royal Academy of Sciences to examine them. And even still 
nearer to our own day, much time and labor seems to have been 
spent, not less than eleven years, as is related, if not in the calculation 
of numbers for the wheel teeth, and leaves of the pinions, it must at 
least have been in the construction and execution of one of the finest 
planetariums, by M. Antide Janvier, that has as yet been any where 
exhibited : it was purchased by the then existing government of France. 
This planetarium is kept constantly going by an excellent chronome- 
ter, or time-piece. The numbers of the wheel teeth and the of pinion 
leaves in it, certainly approximate as nearly as it is possible to give 
the periodical revolutions of the planets, and other circumstances at* 
tending them, to the greatest nicety, such as their states of retrogra- 
dation, progression, and when stationary, also their phases, place of 
the nodes, eclipses, &c. There are two plates of this planetarium, 
and a detailed description of it, besides the numbers of the wheel 
teeth and pinion leaves, given in the Hidovre de la Misure^ &c. 

We have seen no account of that magnificent planetarium, sent 
some years ago by our government to China, as a present, among 
many other fine things, to the good old £mperor Kien Lung, along 
with the splendid embassy under Lord Macartney. It is said to have 
been made at Erfurt in Germany ; for in the year 1791, a pamphlet 
was published in London, giving a description of this planetarium or 
astronomical machine, invented and partly executed by Phil. Mat. 



OBRKRIKB, FLMISTABIUIISi &C. tl 

Babi, member of the Academy of Sciences at Erfiut, and completed by 
AlieitMylins. 

We were informed by the late Dr. Dinwiddie, who was astronomer 
aad nwfeematician in that embassy, and had chaif^ of this planetAp 
nmif and who of course had to explain the various motions and uses 
cf ity totfaose who were appointed to receive it for the EmperoTf bul 
m they seoned to set little or no value on it, perhaps they did not 
odsrstand it, or were unable to appreciate the merits of a machine 
cilffiilated to give such a correct representation of die motions of the 
iMfonly bodies as it did. At this the Doctor was so indignant and 
provoked, that he was induced to bring away some parts of the ma^ 
chinoy, which after all we may suppose could be of little or no use 
to any cne, when detached fipom the principal to which diey were 
•dspled. 

IL Camus, in his Cowrs de MaihimaiiqueSi Paris, 1767, tlmd 
tSAaot has giv^i a few cases for finding die numbers for the teedi 
of wheds, and die leaves of pinions, two in particular, by way of pro* 
Uems, that shall give the annual revolution of the earth, or the ap* 
parent revcdution of the sun, and also that of a synodical revohitiofi 
of die moon, when represented in a planetary machine : the solutions 
of Aeae problems are done in a very ingenious manner by algebraic 
eqoalioDS. But algebraic equations not being so generally known 
imoDg diose of our profession, as the arithmetic of decimal or vulgar 
fiactions may be, we shall attempt to show, by means of these firactiooSf 
bow die numbers of wheel teeth and pinicm leaves may be obtained, 
10 as to produce a revolution in a given time for any planetary mo* 
tioQ. Since the time of Camus^ modem mathematicians appear to 
bave brou^t this subject, if not to a greater degree of perfection, they 
bave certainly shown how it may be done, and that in a very simple 
namier, so as it may be more easily acquired, by those who are not 
in die My practice of seeing, what it is in the power of figures or 
numberB to do. None have displayed such a knowledge of diis sub- 
ject as has been done by tide Rev. Dr. Peareon, who certainly has 
tdien uncommon pains, in which he has completely succeeded, by 
btviog the motions of the planets to be more correctiy rqiresented in 
an orrery or planetarium than has hitherto been done. The numbera 
he gave for the motions of Jupiter's satellites were published 10th 
March, 1798, in Nicholson's Journal, vol. ii. 4to edition, p. 122, ei 
9eq, which was somewhile before we had any account of Janvier's 
Sphere MottoanU, whose numbera for the same motions were so 
oeariy nmilar to those of Dr. Pearson's, that we could hardly be re- 
fltnuied form suspecting at first sight, some degree of plagiarim on 
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the part of M. Antide Janvier; but having taken, as we are led to 
suppose, the same way to find numbers for the teeth of the ^eeb, fte. 
in.his {^ianetaiy machine, as Dr. Pears(m did, and the principle beii^ a 
general one, the results would and must naturally be the same. Jan^ 
vier appears, however, from his works, to be master of this sulyectf had 
got a liberal education, and of that rank in life, of being the son of one 
who was a general, second in commaad of the French army at the bat- 
tle of Fontenoy, 

To the practical astronomer, an orrery can be of little use, unkss 
in the hands of those who may give public lectures on Astronomy, 
where it is very well calculated to show the motions of the heavenly 
bodies, and the beauty and order of the solar system, in such ^ fiuni- 
liar way, as to impress the subject readily on the minds of young stu- 
dents. As there is some ingenuity required to find the numbers for 
the wheel teeth, as well as to construct and arrange the wheeb in an 
orrery, so as to show the motions of the planets in their natural time 
Qpd order, it is for these reasons that we have been induced to 
enter a little into the subject, that the practical artist may derive some 
email assistance from it, yet without any pretensions of making him an 
adept He will acquire much useful information by consulting the arti- 
cles Orrery^ Planetary JVumbers^ Planetary and SaielUiian Mackmes^ 
in Dr. Rees' new Cyclopsedia. 

The ihethod to be now shown, is founded on what is called by 
arithmeticians the reduction of ratios, that is, reducing what is expressed 
in large numbers to their equivalents nearly ; and so as they may be 
represented in lower terms ; as shall be illustrated by the following 
examples ; — 

PROBLEM. 

Any ratio between two given numbers, consisting of many places 
of figures, being proposed, to find a set of integral numbers that shall 
be the nearest to that given ratio ? 

Divide the consequent by the antecedent, and the divisor by the 
remainder, and the last divisor by the last remainder, till nothing 
shall remain, in the same way as finding the greatest common mea- 
eure for any two numbers : then, for the terms of the first ratio, 
unity will always be the first antecedent, and the first quotient, the 
first consequent ; for the second ratio, multiply the first antecedent 
and consequent, by the second quotient, and to the, product of the 
antecedent add 0, and to the consequent add l,*and the sum shall be 
the terms of the second ratio. For the following ratios, multiply the 
iast antecedent and consequent by th» next quotients and to the pro- 
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(bet add the last antecedent and consequent but one, and the sum 
flhaD be ibe present antecedent and ccmsequent It is necessaiy to 
lema^ diat if the terms of the given, ratio are not prime to each 
oflwr, ihey must be made so, before the operations proposed above are 
pofinned* 

SXAMPLS. 

Let the ratio of 7988 to 163704 be proposed, and to find smaUer 

integral numbers in the same proportion as near as can be found. The 

7988 
ntk) eipressed in the usual fonn is ; and it is easily seen that 

7988 3994 1997 
Ibe taam. are not prime to each other, for ^-^^^^^^g^^-—^ 

iriudi are prime to each other, that is, where no other number except 
ualy win divide both without a remainder. 

1997)40926(20 
3994 



986)1997(2 
1972 



^ 25)986(39 
75 



236 
225 



11)25(2 
22 



3)11(3 
9 



2)3(1 
2 



1)2(2 
2 



The quotients found in this operation are 20, 2, 39, 2, 3, 1, and 2. 



M 



The first quotient 20 >« + -rr 



79 
1019 

160 
3279 
559 



11466 
719 



14735 



X 2 

X 3 

:: X 1 

X 2 



+ 
+ 



1 

0^ 
1 
1 
20 



^ 41 



^ or first ratio. 



J2 
41 

79 

1619 

160 

3279 

559 



1619 
160 

3270 
559 






11456 
719 

14735 
1997 



11456 40926 



second ratio, 
third ratio, 
fourth ratio, 
fifih ratio, 
sixth ratio. 
seveoUi ratio 



The last ratio is, that, where the numbers are prime to each other, and, 
therefore, a proof of the operation. It is necessaiy to observe, that the 
first ratio of 1 to 20 is farther from the truth than the second, which is 2 
to 41 ; and the third, 79 to 1619, is still nearer to the given ratio, and 
all of them are the nearest that can be found in round numbers, where 
the antecedent and consequent is one of the numbers above. Thus, 
the ratio of 7988 to 163704, 4nay be expressed by six different ratios, 
all of them in smaller whole numbers, that constantly approach nearer 
and nearer to the truth, till the seventh ratio above, which is the same 

with it, as well as the ratio . 

81852 

The q>plication or use of the foregoing problem will be seen in the 
following example : — 

A lunation, or s3niodical revolution of the moon, consists of 29 days, 
12 hours, 44 minutes, 2 seconds, and 52 thirds : It is required to find 
such numbers for the teeth of the wheels, and leaves of the pinions, 
as shall cause the last wheel in the train to make one turn in the above 
period of time? 

Reduce the 12 hours, 44 minutes, 2 seconds, 52 thirds, to the de- 
cimal of a day ; the number of thirds here, is 2750572 : this, divided 
by 518400, the thirds in a day or 24 hours, the quotient 5305887 
will be the decimal part of a day ; the lunation is then 29.5305887 
days, and this being divided by 1.0000000, and so on, reducing it 
to get a few quotients, as in the preceding operation. The quotients 
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by these operatioiis, are, 29, 1, 1, 7, 1, 2, 17, 2; with 

these quotients we proceed to obtain a ratio somewhat near to 
1.0000000 , 
fia06887 * represented in lower terms; now, 29 being the first 

quotieot, will be represented inthe first ratio as 1 to 29, or -^^. The 

numbers of the flection ' feOAgQQ>y "'^ prime to each other, 1 being 

die common divisor, and the quotients, in addition to the above, 1, 
11,1,1, 1, 1, 1, 2, 2, 1, 1, and 2. 



29x0+i-= rrfirst ratio. 

29 



1^ 

"" 29 



1 






"29 


X 


1 + 


J^ 


X 


1 + 


30 






2 

69 


X 


7 + 


16 








X 


1 + 


443 






17 








X 


2 + 


602 






49 


• X 


17 + 



— r- second ratio. 

ao 




1 

1 2 ... . 

^ thira ratio. 
69 



29 ^ 69 

1 



••77-- fourth ratio. 
443 



30 

rx = tt:^ fifth ratio. 

69 602 



443 
17 



1447 ' 602 

860 

- ■ ^ 2 
26101 



" 26101 «^^«'**"^^' 
^ 49 1749 . . . - 

+ 1447 "" 61649 ««t^*«^- 



If we take the eighth ratio, and divide the consequent by the an^ 
teced^ we shaO have 29 days for the quotient ; the remainder be- 
ing mi]hi{^ed by 24, and the sum again divided by the antecedent 
1749, the quotient will be 12 hours, and so on, as seen in the fol-^ 
lowing opeiation: — 
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1749)51649(29 days. 
8498 



16669 
15741 

928 
24 

3712 
1856 

1749)22272(12 hours. 
1749 



4782 
3498 

1284 
60 

1749)77040(44 minutes. 
6996 



7080 
6996 

84 
60 



1749)5040(2 seconds. 
3498 



1642 
60 



1749)92620(52 thirds^l^ or :^ nearly. 
8745 ^^ 1" 



6070 
3498 



^,1572 524 9 

^)i749 = 683^' ^^ 10 """^^y- 
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11 



it the antecedcoit of the fraction 



1749 
61649 



IB divicfed by priifid ifcnfr- 



heta^ ive ahaB get iiiiinbers for the pinions, and numbers for the vriied 
4eeth will be got in the same manneri, by dividing the consequent wfk 
ihe Hke kind of numbeirs. 



1749 

583 

63 

1 



3 
11 
6$ 



51649 1 
^973 
187 
1 



13 

29 

137 



29 days, 12 bOQts^ 44 Dnid^ 



^lie finctkna then tee^x ^^-^ 

trtess, 2 seconds, 52f|f thirds ; or they can be made tt X t^ 

65 58 



137 



= to the libdve. 



If a cither is addecl to both parts of tibe fraction 



1749 
51649 



■» Aoy 



win then decompose into such numbers^ as iOre better suited for ttg 
teetfi of the wheels and leaves of the pinions, as may here be seen, but 
dififering nothing from the Atu;tions already stait^. 



5164901 


2 


17490 J 


2 




258245 


6 


Wheels 8745 


3 


tmffOB* 


51649 


li ^ 


2x^d«B 68 2915 


5 


3x 5=15 


3973 


29 - 


5X13« 65 683 


11 


2xll=:22 


137 


137 - 


137=137 53 


53 


53a58 



f f tbe ittio had been carried on to the tmih or tenth quotient, they 
mrould have been represented by so grtot a number of places of &* 
^res, that before they could have been divided into such small nunt* 
hen as were practicable for wheel teeth, we should haVe be^i pre- 
vented by meeting with prime numbers of tbo gr6^ ext^t, an incon« 
venience that frequently occurs in this )nethod of finding numbers. 

The numbers that have been obtained here for the teeth of wheels, 
and leaves of pinions, are the same which give the synodical revohi<i 
tion of the moon in Janvier^s Sphere Jitouvante, 



The earth is computed to perform its annual revolution for a tro-< 

pical year, in 365 days, 5 hours, 48 minutes, 48 seconds. A train 

of wheels and pinions to represent this motion of the earth, may bo 

ofaftained by a process like that of the preceding ; and a neat scheme of 

it, by Dr. Pearson, may be seen in Rees's new Cyclopedia, under tho 

8 



66 



HWBSRB rOft A TSOnoiL TBJOt. 



article P^xtaiit Numbers. Reduce 6 houwt 48 minute^ 48 
conds, to tiie decimal of a day, which becomes .242, making ttie time 
of tile earth's ammal motion to be 365.24& days. To reduce diiii 
^fecimal part to a vulgar fraction, being a repebter, it cahnot be r» 
duced in the common way; the finite part being Mibtracted firanth^ 
whole decimal, will give the numerator of the firaction ; the denomi- 
nator must be 9 for each figure of the infinite part, (that with a dot oq 
the top of die last figure 2,) and having as many ciphers added to it 
as there are integjers in the finite part, which ib this case are two ; as 

thus: 

342 
24 218 109 



218 



Or it may be represented thus, 



900 



24 2--24 

900 



460 



218 IW . , 

— TT ■■-T^::* And 
900 460 

164369 



365Hf» reduced, becomes the improper fi^action -^ka^'*"^^"''*^*^ 

460 



itt^erted, will be die firaction 



, the same tts produced by die 



164369' 
process of reduction in the seventh ratio in the scheme alluded to. 



460 

226 

76 

26 

6 



2 
3 
3 
6 
6 



Pinions. 
2x6«10 
3x3» 9 
6s: 6 



164369 
12643 
269 



Wheels. 

13 

47 
269 



10 9 6 10 

-ill- X ^ X J- or — l 

269 47 13 269 

;i i . i, 



minutes, 48 seconds. 
Orthu8.4xi^X *<> 



X— X i^ a 366 days, 6 hours, 46 
47 26 ^ 



f giving the same result as above. These 



26 47 269 
are the same numbers as are in Janvier's Sphere MowanU. 



Sti 



Tiie fik pinion 9 in this train, and 16 in that of the moon's syno- 
dical revolution, are supposed to turn round once in 24 hours; the 
time of the revolutions of the last wheel in each is respectively given. 



A solar or tropical year being computed to consist of 366 days, 5 
h^iirs, 48 miniiies, 48 seconds, the siderial revolutions in that time are 
366 days, 6 dours. 49 minutes, 47 seconds, 9^^ thirds. To find 
numbers for the wlbeeb and pinions to produce a siderial motion, re- 



ttodthoiUBt 49 nunuteB, 47 aecoiidsv 9iVW thirds to the decunaloC 

8daT,and it wiUbe represented by the fraction * ^.^^^:.^ » ^O0e 
• «^ • -^ : 866.3429068 

graaliitoomiiion measure is 4» consequently the numbers are not prime 

fiOOOOOO 

to eid ofter, neidier are jg^-^^j^ggp which is the half of the first fiaiS 
tNXv irat duB hst, idien again divided by 2, becomes so ; ^B-r-TSZSmSA* 

91»OOU7ZdT 

lal fiom this we obtain the Mowing nineteen quoti^ts, viz. 866, 

4,8, 1, 1, 8, 1, 1, 2, 1, 1, 2, 1, 2, i, 4, 1, 2, 8, and the bst ratio 

2500000 
produoed from diem will be ^^ 5607267 *^'*^^ multq[died by 4, f^ves 

1 0000000 
diD oripnal 3^52429068 * '"^^ ""^ quotients can be got from any 

of die diree finicti<»s, and, of course, the same ratio will be the re- 

2009 
nlL Hie tendi ratio, ;^g-g^, may be decomposed into numbers for 

fawbeds and pinions, though, by itself, it is not so well suited as 
(Aer numbers would be, die divisors of the numerator being two T^", 
ad m 41 ; those of the denominator, one 2, a 37, a 61, and lCi8, 
j^-v • r Piwons 7X 7 X 41 2009 ", u- a. j 

tor be divided by the numerator, and the reduction carried on, it 
iviA pve 866 days, 6 hours, 49 minutes, 47 seconds, Offy^ durds. 

It is, however, frtom die latio ^^^^^ diatdie fraction 3^^ ia 

derived; and this, when divided by prime numbers, gives for the 
iSDerator four 2«, one three, two 7«, and a 41 ; and for die denominar 
tor, five 20, one 3, a 37, 61, and 163, making the numbers for the 

pimouB 12X14X14X41 96432 . ^. a. *. 1 

whsZ 48X61X74X163 = 36317536^ and diese are die actual num. 

boB diat Janvier had in his Sphere Mmoanie^ of a new and siro|^e 

construction, to produce in it, an annual siderial revolution. He has 

96432 ' 

not given us the process by which the fraction ,^ ^^ . was ob- 

tuied, nor even the fraction itself, thou^ from his nambers, it is 
evident diat diey are derived from this fraction: he only met^ons 

tbtt die numbers were derived from die solids 2009 and 786782. We 

96432 
observe that the fraction g.^.^^^ may be obtained by multiplying 

2009 

BMining nine quotients multiplied into one another; or it may be 
tend by the simple addition of several of t&e ratios togedier ; such, for 
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exaii^le,a8 that of the 4th, 7th, 8th, 9th, 10th, 11th, ISth, ldth,aRdl 
the double of the 14tb ratio; or otherwise by that of the 4th» 7th, 
8tfa, 9th, lOdi, and the double of the 16th, as may easily be seen, for 

87 817 664 1446 2009 3464 8917 

18661 ■^116099''" 2066611 "^629221 ■^736782"*' 1266003"^ 8266786'^ 
12871 33669 33669 96432 ^ r ^^ ,^,^. 

4630791 ■^12827870'^ 12327370*86317686' ^racoon reqiHied; 

memidlv OT 817 664 1446 2009 46030 

or, secondly, i355i+iigoo9i"»"aoe66j"'"62922l"'"73p782"'" 16868161 
, 46030 96432 . ^ . ^ . , . ^ ^ "... 

+ 16868161 == ^36317636 ^*^^^5 butin order that the addition may 

l^pear more clear, we sludl place all the oumerators in one column, and 
all the denominators in anotl^r, thus : 



37 • 


4th 




13661 






. 


317 . 


7th 




116099 








664 « 


8di 




206661 








1445 - 


9th 




629221 


37 - 


4th - 


18661 


2009 - 


10th 




736782 


317 - 


7th . 


116099 


8464 - 


11th 




1266003 


664 - 


8th - 


206661 


8917 - 


12th 




3266788 


1445 - 


9th - 


629221 


12371 . 


13th 




4630791 


2009 . 


10th - 


736'/82 


83659) 
33669 ) ' 


14th 


•{ 


12327370 


46030 ) 
46030 1 ' 


16th - 


i 16868161 
( 16868161 


12327370 
36317636 


96432 


96432 


36317636 



It is unnecessary here to put down the whole ratios in detail, as any 
one may at pleasure find them with the assistance of the nineteen quo- 
tients before mentioned, viz. 366, 4, 8, 1, 1, &q. &c. proceeding in the 
same manner as in pages 64 and 66. 

The two following 'problems are from Cottra de Mathmatiques^ par 
M. Camus. 

FROBLEM. 

To find the numbers of the teeth of wheels, and leaves of pinions, in a 
machine, which being led by a piiMon placed on the hour wheel of aclock, 
shall cause a wheel to make a revolution in a mean year, supposed to con^ 
sist of 366 days, 6 hours, 49 minutes. 

SohUiaru 
Let A (No. 6, Plate I.) be the uriieel which ought to make a revoi- 
lution in 366 days, 6 hours, 49 minutes ; h^ the pinion, to be placed 
on the hour wheel, and like it make a revoiution in 12 hours i ai)d 
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^^9 f g% two Other wlieds and two other pinions, by means of 
the motion <^tte pinion A wiU be communicated to the wheel A. 

AsthejwoioD h makes arevbhrtbn in 12 hours, or two revolutiona 
in a dtj, it will make 730 revolutions in 366 days, and -i>^ or 4^ of 
a refdotion in fn^ hours ; and as a minute is equal to -gV of an hour» 
or rJT of 12 hours, the same fnnion will perfonn -^ of a revolulkxi 
in 49 mimties. This junion therefore will make 73(f ^Hf • revohitioas 
in 366 days, 6 hours, 49 minutes ; that. ^ to aay, duriog thQ timet 
diat the wheel A ought to perform its revolution. But the product 
of die wfaeeb ABC is equal to the product of the pinions/ g /k, mul^ 
tiplied by Ae number of the revolutions made by the pinion h duN 
iDg a levohition of the wheel A. We shall tfierefore hitve this 
equation AxBxC»730Hf>^XgxA; and as the numbers of tins 
teeth of die wheeb ought not to contain fractions, the value 730Hi 
yfxgxh must be a whole number. Therefore, if the number 730fit 
be nrah^ilied by the product of the pinions fxgxhj the fraction which 
has 720 tot denominator must become a whole number, consequent)^ 
die product of the pinions fxgxh must be equal to 720, or be a 
nndt^ of 720. 

If the product of the pinions fXgxh were made equal to 720, it 
m^ be decomposed into the three fiMStors 8, 9, 10, which could be 
taken as the numbers for the leaves of these pinions ; the equation 
AxBxC=730fH>^XgX^ would dien become Ax BxCa626949, 
as 730x720+349a626949. Butdiis number found as the prodhict 
of the numbers of the teeth of the three wheels ABC, cannot be de^ 
composed into three factors, which could be the numbers for the 
teeth of diese wheels ; it must then be concluded, that it is not pofh 
aihle for it to cause the wheel A to make a revolution ia dQ6<l* 5^. 49ia* 

If a multiple of 720 were taken as the product of the pinions, no- 
thing would be gained, as we should find for the product of the 
wheels ABC, a number, a multiple of 626949 ; and this multiple 
€x>uld not be better decomposed than 626949. As the number 
730Hf f muldplied by any other product of the pini(ms than 720, or 
dmn a muldple of 720, would not give a product without fractions 
for that of the wheels ; and as the fractions must be neglected in the 
product of the vmbels ABC, it is necessary to find for the product 
of the pinions fxg X ^, a \(diole number, which, being multiplied by 
730^4^9 may give a product as near as possible to a whole number. 
In general, this is done by repeated trials ; but as this method is 
defective, we shall here propose another, by which the problem may 
1^ solved with more certainty. When, in searching for the value cf 



£ i tfPRach as near to it as 

f mt product of the pinions 

m product found will be 

'" ^ 720 

^f^ ^mmg ainoe its two &ctors, 730 
_i,-iP 4k amt therefore proceed in such 

,^ "^^ ^ — may approach as near as 

^. .*:^ av may be the case« it is neccs- 

^ , » 1 mbole number, should be too great 

^ i w £vided by its denominator 720. 

^ j^ ^ventQT i9 too great by unity, and if 

, Aril have a*«x/X£Xfc equal toa 

720 

^ ^Mi aumber then be represented by S* we 

:2i> ^^fiation be multiplied by 720, we shall 
.* ^5.-*^' S- Then adding 1 to each member of 
j^ ^mt^9id» dividing each of its now members by 

^^^ V *e following, /xgxfc=-^^. 

M \£Xhj which forms the first member of the 

720 S i 1 
^.K*? number, so the second member — —-- — of 

%«i «lfO be a whole number. But this whole number 



-> ^ syn^-*^ i>f two parts, 

'*' « J 22 S+1 „ , . 22S+1 ^ 

""">^^>A-^' to2S,and ^^ . Putthen~^-=/ 

a 54= W9 '—1 

^ -- .1 — which 18 composed of --t-= 1 5 / and — - — 
21 ' ;22 22 

^ 'IT-sv, we shall have 

^9l^ls22i? 
19/=22d+1 

— which IS composed of -— -=r, and —— . 
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p 



Say iiowJ^^ssx we have 
19 

3 vi>bI9 A^l 

Vasl9£rr 18 X X--1 

3 whkhia composed of 3"—® *and 3 ' 



Tim put -~-B>y, then 

o 



-3 s 
x=3j+l 
Then if we ioake )f =sO 
veahaDfaave x^h and we may fiAd the product of /xgX A bjr 



anfife a3i8thiiddi]&, for putting 1 for x in the equation VsslifHf, we 
fad 09^6, and putting 6 for v in die equatimi la* — ^^^^9 we obtain 



W7;and 7 fori in 8= '^'' r^* we get SslU; lastly, putting 111 



7208+1 
farS iatheequation/xgxAas--g^[g — we find the jnoduct rf die 

lUooB to te 229i for 720^ 111+ l-^340s=929. 

iatennttiber 239 found for the vidite of the prodoet of Oe piniow 
JXgxh^iB a prime numbed, whidi cafeUMH be deeonqKieed idtDaeveirri 
ttban; and, as it ejcceedarj^-wMmher of leavea thai can beghreala« 
finiimkwHl be neodaiaiyto seek for anodier mere oonvenieat* J£g 



iBrtead<tfniaking--^p-:=y, ithiiidbeen made sucoemfely equal to 1, to 

3itoa,frc.« we flhould have* aa^ the product of /xg'XA other nuiiribert% 

M9, 1669, 2389, &c., fenhed by the continual addition of 720 to 229; 

but as ttieae ne w products areprime nitaiters,or conqposed of fiustors 

too great, to be the numbers of the leaves of pini<Mis, or give, as dfe 

product of die wheels, numbers c orop ea ed of fiieMliitoogMat|thfl|]rcaflh 

not be employed. In a [word, this article is not demonstAted, becanse 

there are no rules to enable us to determine whether a number leinhiDg 

from these compositions will be a prime number, or composed of seve« 

nl &ctors of a certain quantity. 

As the number 229 camiot be die product of the several pinions 

fi g% hj we must search for another, which, being multi[^ed by 349, 

shall give a product too great by 2 or 3, to be divisible by 720 ; that 

. u 349X/Xg:X^— 2 349xJXgXhr--S 
a to say, we must make ^^ or ^^^| equal 

to a whole number, represented by S, repeating the operations above 



u 
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349 x/X£f X&'^l 
Qxplfuned, in th6 case where it was required, that 720 ' — 

Bhould be a whole number ; and we shall have the following equations^ 
Which will differ from the first only in this^ thai they will contain +2 and 
—2, or -f 3 and — 3, instead of +1 and — 1, which were in the first. 



720 S+21 



349 



8 = 349 i—2 
22 

<= 22t> + 2 
19 

o ss 19 a; — ^2 



fXgXh 



720 8+3 
349 



or 



i 



8 ±=349^—3 

■- 

22 
22V+3 



t=z 



19 



= 19 a?— 3 
3 



but at to find the value of* the products of the piniotis fxgxK w6 
substitute in these two new series of equations 2 or 3, in the place 
bf X9 in the value of i>, thto the value of o m die toom of <« and 
that of I in the room of S, and the value of 8 in tiiat of the product 
t>f the. pinions fxgXhjWe shaXi find for that product 468, ^diich is 
Hbd donUe of 229, or 687, which is the triple of 229: and as we rd^ 
jeoted 229, because it was indecomposable^ and too great to be the 
number of the leaves of a pinion, we must reject also the two numi> 
bers 468 and 687, which both have the same number 229 as one of 
their factors. But, if we endeavor to find for the product of the 
pinionB /xgf X^ a number^ which, being muhiplied by 349, shaH 
give a product too great by 4 units, to be divisible by 720, that is to 

say, if it be required that 4—^ should be a whole number, 

720 

we shall have the following equations, which will differ fi:Dm the for- 
mer only in this, that they will contain +4, or — 4, whereas the first con^ 
tained +1, or—1. 

/xgxfe = 7 20S+ 4 

349 
8 = 349 <--4 

~~22 
/ = 22 v-f 4 



19 
p = 19a>— 4 
'3. 
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And as the value of the whole number v, is composed of 

these two parts, ^ , — 31- and as die first of these two peitSt 

— - — is a whole number, the second part, * will also be a whole 

3 3 

Bonber, or equal to y or ssero. Now, if it is known that ^H-l m 0% 

3 

we shall have x:=: 1. 



19 ^ 

Substitiiting 1 for a? in — ^value of v, we shall have v ss 5. 

3 

Pottiag 5 for V in — value of (, we shall find < a 6. 

Pnttiitf 6 finr I in ^^— « value of S, we shall have S «■ 99. 

22 

Fmallj, patting 95 for S in ^^^-^±i value of/Xg-xft, we shall have 

fxgxh = 196 ; because 720x95 +4 -$-349 = 196. Now, the number 
196, found as the value of the product of die pinions fxgxfh is deeom* 
ponble into die three &ctors 4, 7, 7, which can be the numbers of tbo 
hires of diese three pinions, therefore these pinions are determined. 

To determine the numbers for the teeth of the three wheels ABC, we 
Shan resume the equation AxBxG.s: 730||f X/XgXft, which we 
found at die beginning of the solution ; and putting 196 for the pro* 
ductof/xg X ^ we shall find A X B X C » 143176Tfr7r; for 780 
X720+349X 196-1-720 =z 143175TJhr- Neglecting die firacdon yt? 
that we pn^posed to reject, wd shall have for the product of the wheda 
ABC, the number 143175, which will decompose easily into these diree 
beton, 25, 69, 83, that can be the numbers for the teeth of the diree 
wheels ABC. 

Therefore, to cause the wheel A make one turn in 366 days, 5 houniy 
49 minutes, or nearly so, by means of a wheel-work led by a pinion A| 
placed on the hour- wheel, (as it is commaniy coiled by cloeh-maken^ at> 
(kn^h its revokUum takes 12 hoursy) of a clock, we may make use of 
three wheels ABC, the numbers of whose teeth must be 83, 69, and 25, 
and three pinions/ g, h, the number of whose leaves will be 4, 7, 7. 

In place of the pinion h turning round in 12 hours, let us scq>- 
pose it to go round every 24 hours; 196, die number found for the 
pinions, must now be doubled also, that is, it must be 392 ; the pi* 
mens will then be 8, 7, 7, and the wheels, as before, 83, 69, 25, which 

Mythus beiepre8ented,TWW5=^;r^4^^TT =366 4lpyj^ 6 
^ ^ 26 X 69 X 83 wheels 
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hours, 48 minutes, 68 seconds, 4&H thirds, being the time that the wheel 
A will take to make one revolution, and less than the proposed time by 
1 second, 13fJ^ thirds. Hence, we remark, that the fraction -yiirt which 
has been neglected in the product of the wheels, will not cause, (on the 
time of the revolution required<,) sn error of more than 1 second, IS-ff- 
thirds, and that it would take near 2940 years before this error, in being 
multiplied into itself, could mount up to an hour, or 49 years before it 
would come to 1 minute. 

PROBLEM. 

To find the numbers of the teeth of the wheels, and leaves of pinions 
of a machine, which, being moved by a pinion (in a clock) that makes a 
revolution in an hour, shall cause the last wheel in the machine to make 
a revolution in 29 days, 12 hours, 44 minutes, 3 seconds, and 12 thirds, 
being the time of a mean synodical revolution of the moon. 

SOLUTION. 

Let A (No. 5, Plate I.) be the wheel which it is proposed shall make 
a revolutionin 29 days, 12 hours, 44 minutes, 3 seconds, and 12 thirds ; 
A, the pinion, which placed on the arbor of the centre wheel of a clock, 
like it shall make a turn in an hour ; and BC, two other wheels, and/, g, 
two other pinions, by whose means the motion of the pinion h will be 
communicated to the wheel A. 

The pinion h making one turn in an hour, or 24 turns in a day, 
it will make 696 turns in 29 days, and 708 turns in 29 days, 12 
hours. 

A minute being irtr or gfgggo of an hour, the pinion h will make 
i igtgK turns in 44 minutes. 

A second, being reVir or aiijop of an hour, the pinion h will make 
I iWo p turns in 3 seconds. 

A third, being a i t ^ o o o of an hour, the pinion h will make g l i joo turns 
in 12 thirds. 

So, while the wheel A makes one turn, the pinion h wiU make 
708}HffJ turns, or 708-ft¥p turns, in dividing the two terms of the 
fraction by 192. But the product of the wheeb A x B X C, is equal to 
the product of the pinions /xg-X A, multipUed by the number of the turns 
that the pinion h makes during one turn of the wheel A. We shaU then 
have AxBxC =fxgxhx706^\. 

Therefore when it is required that the wheel A should make a 
turn, exactly in 29 days, 12 hours, 44 minutes, 3 seconds, 12 thirvls, 
we must take for the product of the pinions fxgxh^ a number which 
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Baj be equal to the denominator of the fraction -AWt or which may be 
a multiple of that denominator. 

But, in taking the number 1125 for the value of the product of the 
pinions fxgxhy and substituting it in the place of this product in the 
equation A X B x C=/x g X fcx708-,WFi we shall have for the value of 
the product of the wheels AxBxC, the number 797326, which cannot 
be decomposed into factors fit to be the numbers of the teeth of two or 
tiffee wheels. The wheel A therefore cannot be made to perform a 
revolution in 29 days, 12 hours, 44 minutes, 3 seconds, and 12 thirds; 
ttd it will be requisite to find, as the product of the pinions /xgX/^ a 
whole number, which, being multiplied by 708i^rVV, may give a product 
tpproadung as near as possible to a whole number. 

In searching for the product of the wheels, or endeavoring to ap- 
proach il, when we have multiplied 708-i^iVs^ by the product of the 
pinions fXgxK the product will be composed of these two parts, 

f^XjXgXh, and ^^^Kf^?^\ But, as the first part 708 x/XgX* 

liU be a whole number, and as the sum of these two parts ought to 
approach as near as possible to a whole number, it will be necessaiy 

, . i^ ^ . ^ S26 fxgXh 
to proceed m such a manner, that the second part TT^ — « ™*y 

approach as near as possible to a whole number. 

That the firaction TToft — ™*y ^^'^^ ^ ^^® ^ possible from 

a wbole number, its numerator must be too large or too small, only by 
tmitjftobe divisible by 1125. But by making the numerator greater 
or leas by unity, or even by 2, or 3, or 4, or 5, or 6, or 7, or 8 units, 
than a number divisible by 1125, we shall find, as the product of the 
wheels AxBx C, numbers, some factors of which will be too great to 
be the numbers of some of the wheels ; and therefore it will be ne- 
cessaiy to proceed in such a manner, that the numerator of the frac- 
tion may be 9 units too small to be divisible by 1125, that is to say, 
having added 9 to the numerator 826 xfxgxh, we shaU suppose the 

new Auction tTok equal to a whole number represented by 

8, which will give this equation, — *^ ^ =8. 

Proceeding now in this problem as we did in the former, and mul- 
^ying both members of this last equation by 1125, then taking 9 
fiom each, and dividing the remainder by 826, we obtain the equation 

fXgXh=: — 026 , which is composed of 



w 



Bommsam tea x hmatxtov. 



•»8^«rt*»» 



: put Dihi hit part of the eqttatl<ni| 



S99 



82S 



ztf we uMsn 



826 

have t99 S— 9r=:826 1 
S99 S»8S6 1+9 

S=??l^wluchiieoiiipo8edof^*-8l,aiid Pattlwii 

SSiil!Uk tti4 we have tt8 i <f 9»fM e. 



t88 fcs899 V— 9 

999 e — 9 888 V 

i^' j^ ^f which is compoeed of -5^- 

tnd^l5!!l which eay=«. Then 71 »— 9=888 x 

^"^ 71»=888x4-9 

1»ts888x+9 

71 

lffdli|±?Wtteh»y-f. TheBl6x+9-71y 

15 xssTl s^— 9 

—jj^- , which is compoeedof 7^w4 y 



^ which ig compoBed of — -^^ 



IS 



laid ii|t:± wWdiiay =«f • Thenlljh-9-tel5« 



ll9isl5x+9 
,^*^ which bcempo«rf of lit 



and li:^^ Which 8ay==&. Thea4x+9B:lllc 



U 



4sarll&^-9 

11&— 9 



, which ii composed of 



8&^-8 



iid — 2" wUehnysA. Then34b^l»4A 



^ 4A-f-l ,^ ^, , .^ 
&s= — r^ , putting then As8, we 



obtain the nine foUewing equationB : let, 

3d, 

4th, 

Sthp 

6th, 

7th, 



8th, /XgXfc= 



&= 5 

ll&r— 9 



15Z+9 

'=— nr 

71y-9 

15 
8Wr+9 

*^ 71 

^899 »— 9 

288 

826 f +9 

299 
1 185 S— 9 



896 



9th, AXBKC^ jXgXkXTOS 



826 
1185 
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As tiie Ist eqaBtion gare &«d, if we put 3 for &, in the 2d, we shall 
bftve x=6^ for 1 1 xe — 9=5i4-^4»6. 

Pattiiig 6 for jr, in the 3d, we get yaO, for 15x6+9=99-2-1^^9. 

Putting 9 for 2f, in the 4lh, we find ar=:42, for 71 X9 — 9«=630-s-16«=42. 



42 for JT, in the 5th, we obtain o=135, for 228 x 42-^9—9585 
-^71=135. 

Putting 135 for V, in the 6th, we faaye <s:177, for 299 X 13&— 9«=43056 
-i-228<Bl77. 

Putting 177 for (, in the 7th, we get 8=489, for 826 x 177+9=14621 1 
-^299=:489. 

Pii(lHig489 for 8, in the 8tfa, we find/x gX&«666, for 1 125 X 489—9 
»660116h-826s666. 

Lestlj, putting 666 for fxgxK in the 9th, we have AxBxC= 
472017 — tAt» for 70&TWrX666«472017— tiVt- 

The number 666, found as the value of the product of the pinions 

Jxgxhjheing reducible to these four factors, 2, 3, 3, 37, they may 

be compounded into these three, 3, 6, 37, which may be the numbers 

qI te leaves of three pinions ; and the number 472017, which has 

been found f<Mr the product of the wheels, neglecting the negative frac- 

tion— -xAt9 being composed of these factors 3, 7, 7, 13, 13, 19, they 

ma^be divided into Aese three sets, (3x19), (7x13), (7x13), equsJ 

to these three factors, 57, 91, 91, which may be the numbers of the teeHi 

of the three wheels : it is Aerefore proved that the problem is solved. 

It IB to be remarked, that the negative fraction — \ ftg , neglected in 
&e product of the wheels, and by which this product is rendered greater 
than it oog^t to be, to cause the wheel A make one revolution in 29 days, 
12 hours, 44 minutes, 3 seconds, 12 d)irds, w3l not produce, (in the Him 
of the reoohdUm of thai wheel) an error of more than 2f^ thirds. For if 
we seek for the number of revolutions which the pinion h will make dur- 
ing a rev(^tion of the wheel A, dividing the product of the wheels 
472017, by the product of the pinions 666, it will be found that this pin- 
ion ^ which makes a revolution in an hour, will make 708 revolutions, 
which correspond to 708 hours, or to 29 days, 12 hours, and there will 
remain 489 revolutions, or 489 hours, which being divided by 666, will 
give 44 minutes, 3 seconds, and 14ff thirds. 

The time, therefore, which the wheel A will take to make a revolution, 
win be 29 days, 12 hours, 44 minutes, 3 seconds, 14|^ thirds ; conse- 
quently wiU exceed the proposed time only by 2f^ thirds. 
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ThefMnion h, winch is three here, being rather too low a number 
for practice, it would be as well to make it three times that, which 

will beg ; consequently both parts of the fraction ------- must be mul- 

1098 
tiplied by 3, the fraction now will be » representing the wheels 

^ ^ 1416051 ^ ^^ 

and pinions multiplied into one another, and this when decomposed 

will irive for \ P""^*^ — ^ — ^ producing the same result as 

® i wheels 91 x 91 X 171 

above, 29 days, 12 hours, 44 minutes, 3 seconds, 14^ thirds. 

The late James Ferguson, who was equally eminent as a writer as 
well as a lecturer on Natural Philosophy, being in Edinburgh about 
the year 1767, was so obliging as to communicate to us a description 
of the wheels, pinions, and endless screws, in a train of wheel work 
to produce a mean synodical revolution of the moon, mentioning that 
ttiey were, (as he supposed) computed and invented by Mudge, but 
at that time no account of them had been published, nor was so till 
long aflerwards. The effect of this train makes the revolution equal 
to 29 days, 12 hours, 44 minutes, and 3 seconds. It is perhaps as 
ingenious a mechanical contrivance as ^can well be imagined, and was 
executed, and put to a clock by Mudge himself, for his sincere noble 
friend and patron, his Excellency the late Count Bruhl. A particular 
description, and a drawing of this contrivance, may be seen in a book 
published in the year 1799, by Mudge's son, chiefly intended for giving 
an account of the merits of his father's time-keepers. This lunation of 
Mudge's being so very curious a piece of clock-work for showing the 
moon's age, we shall give an account of it, taking the description from 
the publication now alluded to. 

** There are no numbera, nor method that I have seen," says Mr. 
Mudge, ^' by which the mean motion of the moon can be represented 
more correctly d)an by those in No. 2, Plate I. or a multiple of them, 
where A is a wheel that goes round in 24 hours. 

B a pinion with 8 leaves. 

C a wheel with 45 teeth. 

D a pinion with 8 leaves. 

£ a wheel with 42 teeth, which carries the moon 
on its axis in 29 days, 12 hours, and '45 minutes. But, as from these 
numbera there is an error of 57 seconds in one revolution of the moon, 
I propose to correct that error by the method in the scheme re- 
presented in Plate I. No. 3 and 4. the latter of which is a ki^ 
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teral yiew of the former^ and in both, the same parts are represented 
by the same letters. F, No. 4, is a stud fixed in the plate, at the 
bottom of which is fixed the pinion 8 inmiovably. The wheel A moves 
freely round on the stud F, once in 24 hours. On the wheel A moves 
the wheel 6, and is carried along with the wheel A, round the stud 
F. The teeth of the wheel b run in the pinion a, on the axis of 
which there is an endless screw e, that runs in the teeth of the wheel 

d, which wheel is also fixed to the wheel A, to the plane of which its 
axis is paralleL On the axis of the wheel d is another endless screw 

e, which runs into the wheel /: This wheel is also fixed to the wheel 
A, and its axis, goes through it, and has on the upper side of it a 
pinioiL of 3 leaves or pins, g, which runs in the wheel A, which wheel 
h mores round the same stud that the wheel A does, and has fixed 
to it die pinion B. The pinion B in No. 2, is fixed to the wheel 
A that goes round once in 24 hours. The pinion B in No. 3, and 

4, is fixed to the wheel h^ and has a relative motion to the wheel A 

1 

T ftiiLJA ^ ^ revolution, in the space of 29 days, 12 hours, 45 minutes, 

lUdi is equal to 57 seconds, the error that was to be removed. 

^ Hie other wheels that are moved by the pinion B are the same as 
in No. 2. The numbers for effecting the motion of the pinion B on 
&e irheel A, are as follows : 

Pinion a - - - 19 

Wheel 6 ... 45 

Endless screw c - 1 

Wheel ci . . - 21 . 

Endless screw e - 1 

Wheel/ ... 45 

Pinion g - - - 3 

Wheel ^ - - - 60 on which is fixed the pinion B. 

'nieniean motion of the moon from this contrivance will be exceedingly 
''^ the truth, as one revolution will be completed in 29 days, 12 hours, 
44 nunotes, 3 seconds.*'* 

AOthis correcting work hangs on the 24 hour wheel A, and is carried 
'^ widi it ; both the endless screws are right handed. 

iQ 1321912 days, the correcting wheels cause the lunation wheel to 
^ once more roimd than it would do without them ; then, as 1321912 
*to29.53 days, the time of one lunation, so is 2551443, the number 

*^MS. note of Ferguson's, in possession of the Eklitor of Mudge's Lonation 
*^<"^is what we gave him many yean before the above work was giyen to th* 
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of seconds in a lunation, to 66.996, idiich maj be reckoned 67 
conds, as it is within the hundredth part of a second. 

The product of all the pinions and screws multiplied into one ano- 
ther is 3648, and the product of the ifiiieelB multiplied into one a»v 

.r.^^^^..^^^ ,48223366000 ,^^,^,^ 

ther IS 48223366000, and 5— ^ —1321912. 

od4o 

Finding diet a mean lunation could be given by three pinions, and 
three wheels simply, as given by Camus, we sent them to Count Bnihl, 
to show how it differed from Mudge's, and seeing it could be easier 
made. His Ezodlenqr had some doubts as to tin correctness of Ci^ , 
mus's numbers, and was not satisfied tiUhegot tiie calculation made 
out by another. He iq[>pears, either on this or a former occasion, to 
have made, application to Mr. Mudge himself on the subject, if we may 
judge by a letter of Mr. Madge's to him, of idiich the following is an 
extract: 

■ " But totally had foigot die process you wished to be in- 
formed of, and find I cannot so easily recover any particular train of 
thinking as I could formerly ; and, indeed, I almost despaired of find- 
ing the meaning of the firaction . However, after having gone 

182260 

over the same groimd I did, when I first contrived this approxima- 
tioD, I think I have perfectly recovered it, and will explain it in ihe 
best manner I can, though I fear, not so intelligibly as I could wish. 
The first mover is a wheel that goes once round in 24 hours, on which 
is supposed to be fixed a pinion of 8, which runs in a wheel of 46 
teeth, to which is fixed a pinion of 8 or 4, which runs into awheel of 
42 or 21, which wheel will go round once in 29 days, 12 hours, 46 
minutes, or 29 j-J|^ days : this is the imperfect lunation, but the most 
perfect that can be produced by simple numbers. In order to ap- 
proximate it still nearer to the truth, I considered, that if instead of 
fixing the pinion to the wheel, which goes once round in 24 hours, it 
was made to move round the wheel very slowly the same way that tiie 
wheel moved, it would accelerate all the wheels in the train that was 
moved by the pinion ; and the time in which it is to make one com- 
plete revolution on the wheel, (iiiiich is equal to 24 hours) is found 
by dividing the seconds that are in 24 hours, by the error of the im- 
peifect lunation, viz. 86400 -i-67= 161611, or 86400-^66=16424, in 
which number of lunations, the error of 67 or 66 seconds will amount 
to 24 hours. If then you divide 1616^4 into two quotients, as sup- 
pose 1616-5-90= 16 {J, these two quotients multiplied by the two quo- 
tients that produce the imperfect lunation, viz. 6f , and 5^^ (or if re- 
duced to one quotient 29 j^) will give the number of days, or^revolii- 
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tkms the firet wheel must voBk^ to increase the error, 67 fiieeqi|ds to 

one comi^te day, in which time the pinions move once rqund on the 

wfaed: The approximating numbers then, in the first supposition, 

wiU Btaad thus : Spfaiion, wheel 15, 8—42, 1—90, 19—320 ; these 

reduced to their lowest denominations, the ratio of the jMnions to the 

wfaeeb lemaining the same, wiH be 1 — 45, and l-<-21, 1 — 45, 

19 — SO ; an the pinions <Hr endless screws (which is the same thing) 

multiplied by each other, will produce 19, and all the friieels multiplied 

pbo faj one another, will produce 850500, and the denominatcnr, divided 

by the nnraenitor, will give the number of days, in which 57 seconds in 

MM hmaHom will amount to 24 hours, the time employed by one revo- 

InliQQ of the fint wheel. I shall only just add die numbers neces- 

wy to ooirect the error of 5Q seconds, leaving the procew to youf 

Eaodoiey. 

Pinion 4, wheel 45, 1 — 15, 1—45, 1 — 6. 
19)850500(»44763^for57 seconds, 
4)122250(»30562ifor 56 seconds,'' 



TABLE I. 

1kPmodiealBwkaioH8of(hfiPkm€i8^arofihe^ 
mt^takmframldiandi^aJhh'imomy. JBdtliofi 1792. 

Dtya. h« m. s. 

Hfiiciiiy 87 28 14 82.7 

Temis 224 16 41 27.7 

TheEarth 865 5 48 48. 

MaiB . p , . . 686 22 18 27.4 

Jiqxter 4330 14 89 2.3 

Saturn 10746 19 16 15.5 

He Geoighim Sidusis purposely omitted being taken ftom Lalande, 

Days. h. m. s. 

Periodical revolution of the Moon 27 7 43 4.6795 

aynodical revolution of do. - 9^ )2 44 2.8283 
10 
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Sfiodieal RecMbmofOu SatdtUea qfJvpUer. 





DtjB. b. 


nu 


B, 


1st 


1 18 


28 


36 


9d 


3 13 


17 


64 


3d 


7 3 


59 


3d 


4tb - 


• 16 18 


6 


7 



Dtyi. m. h. a. 

SjBodioaltevdiitkmorJtiiiter 898 19 13 54.16 



TABLE n. 



Whid Work employect by A» Jaavier m iU« iS{p&«ri Jlfotioanie^ onci 

eakukUd by him io imUatB ike pmedieal reechfUana of the Plai^ 
eta. 

Mercury* 

Days. h. m. B. th. 

Pinioiis 10 43 631 ^ 23 ,. 3^ 2^ 

Wheels 80 140 179 J ■= ®^ ^^ " ^^ ^^ 



tSS el S iSl = 2^ »« « ^« 



Pinions 7 18 23» _ 355 5 Ag 49^1. 

Wheals 62 61 24M — "^^ ^ *** ***^' 

Mars. 

WhS 89 137 144} ^ ^^ ^2 *® ^ 

Jupiter* 

Pinions 6 6 6 4H _ ^oqa ia ^ «> 

Wbeete 67 72 89 105 J - ^^^ 14 38 2 
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Baknn, 

Pinions 4 6 8 37 ) iaw^a ia ia qjc 

TThe n^ieei of die clock which acts as a mover to these wfaeeb anl jpi- 
mioDS make a zevohition in 24 hours as 86400 seconds. 



TABLE m. 



Wktd Work iorving to imUaU the gjinodieal reifoktionB of the SaidUtea 
of JfipUeTy (conducted by a wlud whote revohdion ia made m 24 
koun = 86400 seconds.) 

DftVB* IL ID* 8« tba 

*^ Si"*^ {?S; J ?J 'S}= » 18 28 36 87 
Second SateDito { ^^"J iJ jj J?}- 3 13 17 68 41 
ThW Satellite {^^ J» »J}= 7 8 69 86 33.1 

Yoord. Satellite {^ g} ?:j}^ 16 18 6 4 IS 

revolution of Jupiter firom a mover of 7 days. 

^S 185 lS}= «»«»«"" 



TABLE nr. 



Whed Work employed to .produce the differeni motions and reookHons 

of the Moon. 

Periodical revolution ( Pinions 3 20 19 ^ tjn fA^ a otu 
fiomamover of 24 hours ) Wheels 28 37 61 J *" ^' ^ ^"^ * ^^ 

8jnodicalRevolution{^J^ g jg} = 29 1244 262m 



76 



mrliBBBt *0B tvrtrwM*» wkTBLLtrki. 



lutionof theappgw ofthe^ Wheebeg 127 177 ^ -8281 8 89 
moon, moTor of 24 hours. I / 

Moyerof 27 7 48 {^J? " hJ}^''^^^ ^ ** 



Revolution of the oodes ( Pimdiis 
by a wheel Nr= 



^Wheels 106 269}=^*^^® ^ 



Whtd work ealcfdaied (a» (he preceding toaa) by A. Janvier, to oIh 
tain an anmud teooluiion of the JBorfft, exacikf eanformabk to ihdi 
of ike preseni Jidronemieal Tables. 



Pinions 10 12 16 
meels 47 68 269 



I B 866 6 48 48 



TABLE V. 

\A Belof lumbers for WkeeU imd pinionB^ as given by Dr. Pearson^ i^ 
produce the time of the ReoohUions of Jupitei^s SateUUes^ from a 
moter of 24 hours. • 



Sat. 


Wheels and piniona. 


Periodsb 


Errors in S4 kours. 




—; of 24 hours 
69 


Days. 


h* in. a. 


m. a. 


Ist 


1 


18 27 41 


— 30.* 


2d. 


loTdhto. 


d 


13 20 

• 


+ 36.d 


3d. 


^, of ditto. 


7 


4 


+ 3.4 


4th 


^of ditto. 


16 


18 


— 18.0 



lie seconds in a day are 86400, and 86400 x69-i-39=:162861.64 8e* 
tendsa-l dsfi 18 hoonb 27 minutesi 41{f seconds^ 



tonuu r<M jonm'a tAmxiVM. 
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9%iJiBommgan tht mmben whiek haee akeadif bten gweii «f Jom- 

ffter'*, 0niy diffaren&i arranged. 



lat 



2d. 



Tnin*. 



Period* prodoMd. 



Sd. 



4th. 



4 76 181 ,.^. 

r'' 31 ^^ »r°^ **''"""• 

^XyX Hof ditto. 



^x|7of ditto. 
-Xijpj of ditto. 



D* h. m. s. th. 

1 18 28 85 ar 

3 13 17 53 41 



7 3 59 35 33 



16 18 5 4 13 



%fl tabu of ike mmbera of the wheda and pnUona to give Ou revoke 
1km8 if JmpUer'a SatdUtes, as ealculaied by Dr. Pwnon, the 9lfc 
Aprils I805t from a mover of ^uven days. 



S«L 


Traina. 


Synodical Periods. 


iBt 


g^XggofTdayB. 


D. h. ID. B. 

1 18 28 36.4086 


3d. 


61 21 - ,.„ 


3 13 17 54.4352 


3d. 


"\^ of ditto. 
29 103 


7 3 69 35.8955 


4th. 


76 98 ...^ 
-XjlJ of ditto. 

1 


16 18 5 2.4422 



The periods produced by the numbers in the above Table approach 
so nearly to those given as the result of a great many observationst 
that fliey may be^depended upon as the nearest approximation to truths 

Let the train for the first satellite in the last table be taken as an 
tsBoaple^ where the pinions are 49 and 25, and the ^i^ieels 57 and 
85. The wheels 57 and 85, multiplied into one another, give for 
^ftodatd 4845, and the product of the pinions, multiplied togedior, is 



^8 
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1225, by xAikh they become the fraction — -- <^ seven days, ll 

4846 

tiply then the numerator 1226 by 7, the days, divide the product 

the denominator 4846, th& quotient will be one day ; the reraain 

multq)Ked by 24, the hours m a day, this product, drrided again by 48 

the quotient, will be 18 hours. Multiply the ne3ct remainder by 60, 

minutes, and divide the product by the former divisor, and the quot 

will be 28 minutes, the last remainder being multiplied by 60, for 8ec<N 

and this, ^divided as before, will be 36.4086 seconds. The first id 

making only one revolution in seven dftys, makes itnecessaiytom 

ply the numerator by seven* 

We shall conclude this chapter by taking the liberty of giving 
Pearson's valuable process for obtaining numbers to give the revolt! 
of the Greorgian. 

Dr. Pearson *says, ^' We come lastly to the tropical revolution of i 
Creorgian planet, which we have seen revolves through the ecl^ 
30689.35208 days, and its numbers may be ascertained by the foDon 
process : 



Divisora. 


Dividends. 


Ctnotientfl. 


Fonmim, 


Ratni. 


365.2422 

27424764 
9099457 

126391 

126696 
694 


30689.36208 
S921937777 


83 

1 

3 

71 

1 
181 


83X1+0 
83x0+1 

1x83+1 
IX 1+0 

3x84+83 
3X 1+ 1 

71x336+84 
71X 4 +1 

1x23869+336 




1 
1 


83 

1 


136997431 
109672666 




36524222 
27424764 


84 
1 


27424764 
27298373 


336 
4 


9099467 
884737 

252087 
126391 


23869 
286 


126391 
125696 


24204 


IX 285 + 4 


289 


126696 





''Tbe value of the last ratio of this series is equal to 83.7508660 

tropkal yeaiOj which differs from the exact truth only unity in the 

aefeodi place of decimals, but unfortunately it is not reducible into 

2017x12 
lower onmbers than ; and the numerator of the next pre- 

33fi 

ceds^ratio is a prime number, so that we must either use -7-, which 

basbeen before determined, or otherwise substitute another quotient 

for 71. The most convenient, we find from a few triab^ will be 66„ 

22194 
tlidi gives the ratio > the value of indiich is a revolution in 

83.750943 trofMcal years, or 30589 days, 9 hours, 8 minutes, 10.7 
Nconds, and is capable of forming the train — - — , " 

lliese examples of all the primary planets given at iiill length, and 
leeompanied by our remarks on them, will enable any well educated 
iutniiiientrmaker to ascertain wheel work from any other data, which 
kmi^ have occasion to employ, and will serve, at tfaoBame time, to 
dnirtettfae two methods of i^proximating towards the truth, where 
ife oiig;mal numbers run too high for construction in practice, supply the 
defects of each other in particular cases, but generally come, by different 
naohs, to the same mark. 

In dns subject, it may contribute greatly to assist the artist with the 
m&Dagenient of figures, by giving an example fipom the same eminent 

masler beftxe quoted, which we shall also take the liberty of transcrib- 

JDg: 

** When a simple motion is produced by means of one wheel and a 
eonoponding pinion* let the number of teeth which each contains, 
k enefully counted and noted down, and also wtkk of the two is 
the driver; the numbers of the wheel and pinion will constitute a 
960i which is a fiBction of that time, proper or improper, according 
n flie drioer is the greater or smaller number, which drwer mttst 
ke b all instances the denominator. The value of the fraction thus 
ctttBtituted, it will be superfluous to scientific readers to say, is found 
^ multiplying the assumed time of a revolution of the first mover 
^ the numerator, and dividing by the denominator, the remainders 
beiqg reduced to their next lowest denomination of time, afler every 
nocessfiil division. 

^An example will render this simple case intelligible by every 
leader. 

^ Suppose that a wheel, consisting of 75 teeth, and revolving once 
in a tropical year, drives a pinion of 6 ; and that it be required to 
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know in what time the latter reyolves? The work at fiiU lengfliwil) 
3tai)d thus : 

D, h. m. 8. 

366.24222 = 366 5 48 48 
6 



75)2191.46333(29 days, 
160 

691 
675 

16.46333 
24 

6581333 
32906666 

75)39437999(6 houis. 
876 

19.87999 
60 



75)1 192.79999(16 minutea. 
75 

442 

376 

67.79999 
60 

76(4067.99999(64.24 seconds, 
375 

317 
300 

17,9 
160 

299 
30 



DRIYER, THK DENOMINATOR. 



81 



«« Hence it appears, that ^ths of 366.24222 days is equal to 29 days, 
6 hours, 15 minutes, 54.24 seconds. The computation may be some-> 
times abridged, by converting the vulgar fraction into a decimal, where 
there is no remainder, and then multiplying thereby instead of dividing* 
Thus: 

365.24222 

.08 



75)6.00(.08 
600 



29.2193777 days. 
24 



8775111 
43875555 

5.2650666 hours 
.60 



15.9040000 minutes^ 
60 



54.2400000 seconds. 



^ £idierof these methods may be used with a like result 

** Iff instead of the wheel, we make the pinion the driver or denO^ 
rainator of the fraction, the motion of the second mover will be re- 
tarded^ for ^^khs of 365.24222 days is equal to 4565 days, 12 hourSf 
40 minutes. This difference in the two revolutions^ when the parts 
of the fraction are reversed, points out the necessity <^ attending very 
aocuralely to the circumstance of the driver being made the dmom* 
of i^Jraclion^^^ 



11 
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CHAPTER V. 

On Wheel Teeth; ihdr Shape^ the Proportional Sizes of Wheels i 
Piniofia^ and of Pinions to Wheels, with the distances which Ou\ 
Centres ought to have, so as to form proper Pitchings, partly frw 
Berthoud^s Essai. 

OF THE LEVER. 

Definition, 
A B (Plate II. No. 6.) is supposed an inflexible rod, to the ends < 
which «re attached two bodies P and p without gravity, and that th 
rod is made to turn on a fixed point H, the body P describing tk 
ar&A a, the body p will describe the arc B 6; it is evident that th 
arps A 0, B 6, are in the proportion of the. distances H A, H B 
for example, that is, if B H is -double, triple, &c. of A H, B & wi 
be double, triple, &c. of A a ; then the body p will turn with a vek 
city double, triple, &c. of that of the body P : then if these bodic 
are equal, to stop suddenly the body p, would require a force doubh 
triple, &c. of that which would be necessary to stop suddenly th 
body P. If the body p is triple of the body P, it is evident that 1 
always describing A a, and B 6, we might, in place of the body p, su( 
pose three masses equal to P, each impressed with the velocity B i 
and then the force required to stop p, will be triple of what it ought t 
have been in the preceding case; but if the massp, in place ofbein 
triple of P, is, on the contrary, only a third, the force required to sto 
it, must be three times less than in the same case preceding, and 
will be equal to that which would stop the body P, the distance H ] 
being triple of the distance A H ; if the mass p, on the other banc 
is the third of the mass P, these masses can each be stopped by th 
same force, then each could stop the other. If we imagine these tw* 
masses to have weight, their efforts to turn being now directly opposit 
and .equal, they will mutually be in equilibrium. For a like reason, i 
will be seen, that if the distance B H is quadruple, quintuple, &c. c 
the distance A H, and the mass p, the fourth, the fifUi, &c. of the mas 
P, they will make an equilibrium, from whence is deduced, in general 
this principle. If two masses P and p, attached to the ends of an in 
flexible rod A B, are such that the mass P contains as many times th< 
mass p as the arm of the lever U B contains the arm A H, they will bt 
in equilibrium. 
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Of Wheels and Pinions. 

If round a point H, (No. 8.) are described two circles A «, B 6, 
vlttch have for radius the lengths A H, and H B, as levers, 
(HBis supposed triple of A H,) and oik whose circumferences aro 
wrapped round as on pulleys,' whose centre is at H, two threads charg- 
ed with Ae weights P and p ; these weights will remain in equilibri- 
um if the mass p is to that of P, as H A is to H B ; and if it is 
required to impress on the weight P, a force capable of making it 
&Q in a given time from P to C, so that the point A comes to cr, 
then must the weight p rise to d, and the point B comes to 6 ; the 
wei^j), would consequently go through three times more space than 
thewei^tP. From whence it follows, that any motion which should 
be impressed on the weight P, would be exactly compensated by that 
which would result from it in the weight p, and that thus these two 
weights caimot fail to ' maintain an equilibrium, or restore themselves 
to it, if after being put in motion they are left at libertj^ since ac- 
eordii^ to the supposition, A a and B 6 are puUeys; and conse- 
([iraitly H A is equal to H a, and H B is equal to H 6. 

It again follows, that when two bodies are in equilibrium, the ve- 
locity which they acquire by any motion being communicated to them, 
are in the inverse ratio of their masses. Now, if the weight p is taken 
awi^, the weight P will pull the lever and the circumference A, and 
make the point 6 turn with a force capable of communicating an ac- 
tion of one pound (the supposed weight of the body p) so in place 
of the circumference B&, let us imagine the radii, or levers ^HB, 
H &, &C. (No. 9.) and equally distant from one another, ead^^of 
these levers will act with a force of one pound. It is in considering 
the levers under this point of view, that this circumference becomes 
a wheel, and each radius, or lever, will be a tooth ; if we make a se- 
cond wheel, or pinion C, which has radii, or teeth, equally distant 
fioffi one another, as those of the wheel B ; that is to say, that tho 
nomber of the teeth of C, is to those of B as the circumference of 
C is to that of B, and that the pinion is placed so, that the teeth of 
the wheel can act on those of the pinion, (as in the figure,) the teeth 
of the wheel will communicate to the teeth of the pinion the forco 
which they have ;* so that if a weight of one pound is applied to 

* There is no account taken in here, of the decomposition of the force in the pitch- 
ing and tho friction which arises from it, which always diminishes a part of the weight 
P: it is sufficient for the present, to view the wheels as if they wore without wciglit, 
and without friction, as was done with tho simple lover, supposed to be without gravity. 
In the 0Of|ucl will be seen, what the curve ought to be, which terminates tho tcetli of 
wheelfl and leaves uf pinions. 
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Hnd Guomnfennodf it wOl b6 in iwinnihrimn wAt flwt of Pt 
baviag been done to dHmge die egnilihrhim wUdi fiMmeify 
ed: and if the wheel and phuon nre made to move, the. ciiciini* 
ference of Ae pinion* wiO describe the same space as Aat of ffae 
iriheelt since eadi of its teeffa are etpmSfy distant among themsetves 
as those of the iiheel; and the nund)er of the revohitions of die 
pniont win be to those of the wbeeU as the eiicamference of the 
|»nion is to that of the wheel; but the dcumferences ct ciieles 
being to one another as their diametersy or radii, the number of the 
roTohitions of the pinion C, will be to that of the wheel B, as C il 
istoBH. 

Hanng seen that a wheel which driyes a pinion, communicates to» 
the drcum&ience of the pinion the same force which it has ; let diero 
tfaenbea wheel anda poittcii, that we have sqiposed to have the fccee 
of one pound atdieir circumferences; if to the centre Cof Ais pin- 
ion, is fibrodawbed D, three times larger than the pinion, it will de- 
scribe thre^ times more space, and will have three times more veh^ 
cit7 than the f^nion; to make equilibrium with the wei|^ P, dnera 
mustbe aiqplied at the pointDof die wheel,aweight only three timea 
Q(^iter than p, and consequendy nine times lifter than P. Tlie 
point D goes then nine times quicker, and describes a space nine timesi 
greater diaQ die point A. Left us now proceed to the way ct finding 
this f<»eefin wheel woriL composed of several idieels,and in agene* 
ral way« 

It has just now been shown, that the diameters, or the drcumferen* 
ces of a wheel, and of a pinion pitched into diis wheel being given, the 
number of the revolutions of the pinion for one of the wheel, is de- 
termined by that which expresses, how many times the diameter of 
the pinion is contained in that of the wheel. That being done, the 
number of die teeth of one of th^se two, that is, either of the wheel, 
or of the pinion, is aibitrary ; and we can at pleasure give to a wheel 
100^ 200, &C. teedi, or any other number whatever; but then, the 
number of the teeth <^ the pinion must be contained in the number 
of the teeth of the wheel, as many times as the circumference of the 
whed contains that of die pinion ; for example, on a pinion which is 
ten times smaller than the wb&A which drives it, may be put indif> 
ferendy six, ei^t, ten, twelve, fifteen, twenty teeth, &c. provided 
that the wheel has always ten times as many; from which it folio ws» 
that a wheel and its diameter bong given, as also die number of the 
turns of the pinion vdiich it conducts, the diameter of the pinion is 
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detefimiied. The following proposition will serve to show, how the 
feioe transmitted (by any power or weight applied) to the last wheel of 
anjiheel^wofk ou^t to be calculated. 

.PrcpoBtUon* 

The space described by D (No. 9.) is to the space described by 
B, » die length C D is to C ci ; which is a consequence of what 
ius been shown, that the space described by the pinion C is the same 
as tint of the wheel B ; and if D G =;= B H, the space described by 
D will be to the space described by B, as C d is to B H, and the num- 
ber of the revolutions of the pinion G, is to that of the wheel B, as G ci 
b to B H : So in order that the velocity of D may be to the velocity of 
B, as fliB number of the revolutions of the pinion G is to that of B, the 
lifM D must have the same diameter as the wheel B, to which the 
wei|^ 18 applied ; and, in this case, the force transmitted to the wheel D 
bf the weight jp, is to the weight p as the number of the revoluticms of 
tkpinion C is to that of the wheel B. ^ 

We have seen that when two bodies are in equilibrium, their vo- 

kdlieB must be in the inverse ratio of their masses : now, when it is 

vBoled to have the velocity of any wheel whatever, in an assemblage 

oTivheek, we must not only compare its revolutions with the wheel 

wbere (he weight is applied, but must compare the diameters of both 

wMs: For it is plain, that if the wheel D is supposed greater than 

Bftfae space described by D will no longer be in the proportion of 

therevolation of the pinion G, and consequently there will no longer 

be an equilibrium, the gravity of the weight q will be too much, and 

wiD not be to that of p, as the ntunber of the revolutions of the pinion G 

is to that o[ the wheel ; and, on the contrary, if the wheel D is smaller 

dun B, the weight q will be too little to make equihbrium with p ; for 

tbeqiace described by D will no longer be to the space described by B, 

as the number of the revolutions of G is to B. 

It wOl in like manner be shown, that whatever be the number of wheels 

« 

and pinions, to find the force transmitted to the last wheel, the revolutions 
mast not only be compared, but also the diameters of the first and last 
wheels, in order to know the spaces described, seeing the revolutions do 
not suffice to give the velocity. 

We shall then draw from this, a rule, to find the force transmitted 
to the circumference of awheel, and shall suppose the last wheel of 
the same diameter as the first ; we then will make the proportion : 
The weight P, applied to the circumference of the first wheel, is to 
the weight p, which must be applied to the circumference of the last 
wbeei to ouike equilibrium, as the number of revolutions of this last 
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wheel in a given timet is to the number of revolutions of the first iir 
the same time. The weight p being found, that required to oibIbo 
equilibrium will easily be deduced, when the last wheel shall bo 
either of a greater or smaller diameter than that of the first, because, if" 
the last wheel of a wheel-work was five times smaller than the first, 
it would describe five times less space than if it had been of an equal 
diameter, and consequently the weight required, must be five tiines 
heavier. 

Remarks. 

We have supposed, that the weight P was applied to the circum- 
ference of the first wheel ; but it frequently happens, that it acts only 
on the circumference of a cylinder concentric with the first wheeU and 
smaller ; then it is seen that the weight or force applied to the cir- 
cumference of the cylinder, is to the force communicated to the cir- 
cumference of the wheel, as the diameter of the wheel is to the dia- 
meter of the cylinder ; that is to say, if the diameter of the cy- 
linder is only half of that of the wheel, the force transmitted to die 
circumference of the wheel B, will only be the half of that of the 
weight P, and so of others. 

Let this principle be now applied to find the force transmitted to 
the last wheel E, of an assemblage of wheels for a clock movement, 
giving seconds, which is represented in No. 7. And first* to calcu- 
late the number of the revolutions of the pinion d, which carries the 
wheel £, for one of the wheel A. 

The wheel A of 84 teeth, pitches with the pinion a of twelve 
leaves, which makes 7 turns for one of the wheel A. 

The wheel B of 80 teeth, pitches with the pinion 6 of 10, which 
makes 8 turns for one of B, and 7 multiplied by 8, gives 56, the 
number of turns made by the pinion 6 of 10 for one of the wheel A. 

The wheel C of 80, pitches with the pinion c of 10, making 8 
turns for one of the wheel C, and 66 multiplied by 8, gives 448 
turns to the pinion c for one of the wheel A. 

The wheel D of 76, pitches with the pinion d of 10, making 7i 
turns for one of the wheel D, and 448, multiplied by 7.6, gives 3360 
turns to the pinion d for one of the wheel A. 

The pinion d, and the wheel E which it carries, make 3360 turns 
in the time that the wheel A makes one, which is easily seen ; foi: 
the wheel B makes 7 turns for one of the wheel A, and the pinion b 
makes 8 turns for one of the wheel B ; this pinion />, as well as the 
wheel C which it carries, make then 56 turns in the time that the 
wheel A makes one, since 7 turns of the wheel B, multiphed by 8 of 
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the pinion 6, make 66 ; moreover, the pinion c makes 8 turns for one 
of the pinion b and of the wheel C ; so, multiplying the 66 turns of 
the wbeel C by the 8 turns of the pinion c, will give 448 turns of 
the pinion c and of the wheel :D, during one of the wheel A ; and, 
at eaeh turn of the wheel I>, the pinion \i makes 7 turns and a half; 
and 448 turns of the wheel D must be multipUed by 7i, the turns 
wIkIi it gives to the pinion d, and we shall have 3360, the number 
of (urns of the pinion d^ (and of the wheel E which it carries) for one 
of the first wheel. 

If it 18 wanted to know the time, which the first wheel takes to make 
ooetum, this will depend on that, which the last wheel E takes *to 
make one revolution ; for the wheel A will always be 3360 times 
kMDger, in making one turn than the wheel E, since this last makes 
3360 times more turns ; if then, the wheel E is supposed to make one 
torn m a minute, the wheel A will make one in 3360 minutes. To know 
how many hours this makes, we must divide it by 60, (the number of 
wimtes m an hawj) and we find 66 hours for the quotient, which is 2 
4jB md 8 hours to make one revolution. 

To find how much force the weight P will transmit to the circum- 
ference of the wheel £, let it be supposed to weigh 12 pounds, and 
that die diameter of the cylinder F is to that of the wheel A as 8 is 
to 12, or 2 to 3. In this supposition, the weight will act at the circumfe- 
renee of the wheel A with 8 pounds, which make 128 ounces 
=1024 gros, or 73728 grains. Make then the following proportion : 
Theiixce which is exerted at the circumference of the wheel A, is to 
the force which it commimicates to the wheel E, (call this force x^) 
supposed of the scune diameter, as the number of the revolutions of 
the wheel E, is to the number of the revolutions of the wheel A, 
or 73728 : x : : 3360 : 1, multipljring the extremes, and ^dividing by 
the mean term known, the value of x is found to be 21fff|^ grains, 
and the fraction being reduced, we have 2 Iff grains; this is then 
the force, which would be transmitted to the wheel E, if it was of the 
same diameter as the wheel A : but, in supposing it three times small- 
er, the weight p which is applied to it, describes then three times 
less space, so as to make it in equilibriiun with the weight P; it 
must be triple of that which has been found in the preceding calculation ; 
it must then be 65f| grains. 

We shaU insert what has been done in this way by a very inge- 
nious friend. The clock was a month one, having the same niunber 
of wheels as in No. 7. The semi-diameter of the barrel being .982^ 
inch, has one half of the power of the weight applied to its circiun. 
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ference, (the gut passing below the pulley of the weight, and being 
brought up, is supposed to be fastened to the seat-board of the dock,) 
the whole weight being 24 lb. = 168000 grains ; the quantiQr acting 
on the circumference of the barrel, is there stated at 84000 grainsi 
which, at the extremity of the great wheel of 1.662i inch aemi- 
diameter, becomes := 49642.1 grains. This force being commump 
cated to the circumference of the second wheel pinion of .298^ inch 
semi-diameter, and thence to the circumference of the second wheel 
of 1.299 inch semi-diameter, becomes = 11216.3 grains; and in fika 
mannei this too, and from the third wheel pinion of .182 aemi-diap 
meter, to the extremity of the third wheel of 1.171 inch semi-diamelerf 
is reduced to = 1743.2 grains ; and so by the fourth wheel (Mmon 
of .166 semi-diameter, to the circumference of the fourth wfaed cf 
1.006i inch semi-diameter, becomes = 287.5 grains; and* lasdyi 
through the swing wheel pinion of .153^ semi-diameteri to the cir- 
cumference of that wheel which has .972^ inch in smni-diameter, k 
becomes equal to 46.4 grains nearly. This seems to be thecQloalE^ 
ed power transmitted, without any allowance for friction, or any odnif 
retarding cause; and say, that we should deduct on these accounts 
about one third of the calculated force, the ^^46.4 grains may tfien be 
estimated about 30 grains. He adopted the plan of calcuhling the 
force transmitted from the lengths of the levers, in preference to the 
mode used of multiplying the numbers of the pinions together, and with 
their product, dividing the amount of the wheel teeth, whereby, to get at 
once a divisor, with which to divide the power at the circumference of 
the great wheel. After having made the foregoing calculation, he set 
to try how far they would agree. It was somewhat flattering to see their 
exact similarity. 

Pinions 136.6 X 166 X 182x293.5=1361118677. 
Wheels 972.6x1006.6x1171x1299 = 1488913400191.26. 
1488913400191.26-T-1361 1 18677 = 1093.9. 

Now, if we divide the power of 49642.1 grains, being that which 
is at the circumference of the great wheel, by the above quotient 
1093.9 obtained by dividing the product of the numbers of the wheeb^ 
by the product of the numbers of the pinions, we get the exact same 
result, as was got by treating the wheels as levers, viz. 46.4 grains near- 
ly, for the power transmitted to the circumference of the swing wheel, 
which should, in the same manner, be reduced on account of friction ; 
so, we may conclude, the actual force transmitted will be nearly 30 
grains at the extremity of the swing wheel teeth. 
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Remarks. 

It is not enough to have calculated the force transmitted by the 

mow to the last wheel of any wheel-work ; there must also be de- 

ductioD made for the friction, and the resistance caused by the in- 

ertii or inactivity of the wheels. This last consideration is very es- 

seBtkl ; for, previous to, and even after the termination of each vi- 

ba&m of the pendulum, the wheels have an instant of rest,* so that 

tk force which puts them in motion, is renewed at every vibration, 

and draws the wheels from a state of rest. The friction caused by 

the wei^ of the wheels and their inertia, then, requires a surplus 

of fixte beyond the quantity which has been calculated. 

Tbeie two quantities, the force necessary to overcome the resist- 
ance Jansed by the inertia, and the force to overcome friction, in- 
crease BO much the more, as the wheels are heavy, and have more 
fAxky, It is then very essential to reduce the wheels to their 
least weight; for this purpose they ought to be made veiy small, 
ikidi is possible, particularly with the last wheels, which have little 
efhtto overcome; and, as high numbered pinions require that the 
ivheds which drive them should be of the greatest diameter, it is 
bettor, with the latter wheels, to use pinions of six or eight only, 
f« ngard to the pitchingSj by forming good curves to the teeth^ 
ikei May 6e made as perfect as if the pinions were of a higher 
nnier,) Thus the wheels may be reduced to their smallest dia- 
metos, and consequently to the least weight; the motive force will 
dm become more constant, and be reduced to the smallest quantity. 
If it is required to make the wheels large, they must have the great- 
est oumbers possible, without, however, having week teeth ; and 
maklDg them pitch only with pinions of a low number, diminishes 
their revolutions, or rather the spaces in which the wheels revolve. 

Of the Pitchings of Wheels and Pinions. 

The perfection of Pitchings is a part so essential in machines, par- 
ticohuiy in those which measure time, such as clocks and watches, 
that too much care and attention cannot be given to them. It has 
heeo thought necessary to mention here the effects, which result in 
watches from bad pitchings, and to give afterwards, the principles on 
which the theory of pitching is founded, and, finally, to show the 
pnctieal means of making good pitchings. 

* This csae is chiefly with the dead beat *scaperaent ; with the recoibng one, if 
the wheels have any rest, it may be said to be momentary indeod. 

12 
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I 

Inquiry into the effects which arise from b€ul Pitchdngs. 

m 

When the curves of the teeth are badly made, the wheel drives 
the pinion with difTerent degrees of force, from whence it happens : 
If/, (if this wheel commmiicates its force to a balance,) that the ba^ 
lance loses its isochronism, or, which is the same thing, diat it vi- 
brates with different degrees of velocity, and that the time of the vi- 
bration changes according to the different actions of the wheel on tfie 
pinion. 2d^ That the force of the mover to turn the pinion ouj^ to 
be greater, than it would be requisite if the wheel made the pinioo to 
turn in an uniform manner : this excess of motive force, of itself alone* 
tends (independently of other variatums^J to destroy the »»^1Khw by 
the friction which it causes, and these at length produce varia|kiii8 to 
the regulator. If a wheel drives a pinion which is too laige, or, which 
is the same, whose teeth or leaves are more distant from one anodierv 
than those of the wheel, the force communicated by the wheet wiD 
in part be destroyed by the leaves of the pinion, whith butt againsl 
the wheel teeth ; this force so destroyed will require that a greater mo- 
tive force be used, to keep up the motion of the machine, from which 
will result friction, wearing, variations, &c. 

If a wheel drives a pinion which is too small, or whose teeth or 
loaves are less distant than those in the wheel, it will hi^pen that a 
tooth of the wheel acting on a lever or tooth too short, the pinion 
will turn with less force, and more velocity, as will be seen after- 
wards : It will again follow from this, that a part of the force of the 
wheel is lost, by the drop or fall of the tooth driving, to that of the 
next which it is to drive ; the pinion will then turn with a part only 
of the force of the wheel : thus the mover will require to have a 
greater power, than it would have required, if the wheel drove the 
pillion uniformly ; this excess of force, and inequalities of the pitch- 
ingM, will tend to destroy the machine, and to make it vary, &c as 
stated above. 

And, laetly, wheel-work being composed of wheels and pinions, 
whose pitchings are bad, in certain movements, each wheel wiU act od 
its pinion with the greatest advantage, then, the force transmitted to 
the regulator will be the greatest possible : and in other instances, 
each wheel acting on its pinion with the least advantage, the foit^e of 
the mover will be, as it were almost annihilated : the regulator (^pen- 
didum^ or bakuice^) will receive only small impulsions : now, the 
force of the mover ought to be sufficient for the least favorable case 
in the pitchings ; it is then too great in the most favorable case ; 
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fit» whence arises the inconvenieiices which haTe been ahieady re- 
maifced. 

Upon the whole, this isixittt results from badly made pitchings ; the 
neitwill show how wheels ought to act on their pinions, and to do- 
twMe Ibe fonn of the teeth of wheels, so as they shall drive the pi- 
moBafivmly, in such a way as to communicate to it all thepot^> 
or of Ae mover. 

Awwifralum of Pitching. Of the proper curves of the teeth of 
WkeeUj and leaoee of Pinions^ and the manner of tracing them* 

Lflt it be supposed that two angular levers,* 6 A D and & o C, 
(Ihlall. No. 10,) movable on two fixed points A a, having each a 
oonluit arm AD, a C, drawn on the line A a, which joins the points 
of anpport, and loaded at their extremities with the constant weights 
F}^lDd each a variable arm, A 6, a 6, so that their extremities act 
thnjs reciprocally one on the other; we say that the two weights Pp, 
ikkh make equilibrium in the case, where the two variable aims have 
Anrpoint of contact in 0, situated in the right line A O, o O, will also 
k II equilibrium when the point 6, where they butt on one another, 
ii Cmnd in the circumference of a circle, of which A O, or a O, will 
betediuneter. 

Demonstration, 

Let ft n, a perpendicular on 6 A, (and which reprennti the email 
an Aat the lever b A tends to describe in an instant^ in turning 
ifm A,) exfHfess the absolute force which is exerted at the extre^ 
aj^b of the angular lever 6 A D, by the action of the wei^t P ; if 
isiopposetiiis force, 6 n, decomposed into two others, 6 m and 6t, 
ooeof which, viz. 6 m, is perpendicular to a c, and the direction of 
liich passes through the point of contact, «, (since the angle 6, 
lAich has its summit at the circumference a 6 «, is a right one ;) and 
tke other, 6 t, is directed towards b A: it is seen that b m expresses 
pnt of the force b n, which is employed to push the point 6 of the 
bvora cfirom 6 towards o, and, consequently, to turn the lever o c, 

*Tlie tunple leven, 6 A D, 6 a C, for the present, shmll be considered only as 
■Bh, in order not to make the matter too complicated, when it shall be shown 
how tfaej ought to drive oniformly, whether that the great lever drives the small 
OMiAarthe line of the centres, or that the small drives the great after the line 
afeeatres, or indeed, whether the great or the small lever drives before and after 
thtlne of centres : all this being well established for simple levers, will be easily 
•nilieable to wheels and pinions, which are in truth only an assemblage of levers. 
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whilst h i expresses that part of the force 6 n, which tends to push 
the pomt 6 towards A, and which is destroyed hy the redstanoe cf 
the fixed pmnt A : Now, we say that h n expresses also the absohite 
force, which is exerted at the extremity, 6, of the angular lever, 
a 6, to oppose the rotation of the point 6 round the point a ; for* on ae> 
count of the right lines, D P and 6 n, being perpendicular to Ae arms 
of the levers A D, A 6, the weight P is to the force b n, as,A & is to 
A D ; and, in drawing A B perpendicular on b 9 prolonged, the si- 
milar triangles, n 6 m, and A 6 B, give 6n:6m::AB:A&9 then 
(in multiplying tnth ordcr^) P:6m::AB:AD; moreover, let 
X be called the absolute force, with which the weight p tends to turn 
the point 6 in a direction opposite to 6 o, and we shall have pi *;: 
a 6 : a c, or, on account of the similar triangles a 6 O, A B O, as 
A B to A O ; but, in the supposition that the two weights p and P 
can be in equilibrium, when they communicate their actions by As 
point O, we can, on account of the arms of the equal levers o C, a 0, 
suppose that the weight p is suspended at the point O : so dwo, 
P : p : : A O : A D ; then, by multiplying in order, P : x : : A B : 
A D ; now it has been proved that P:ni6::AB:AD; then 
b m=sx : then will there be an equilibrium, since the force 6 m is equal 
to the force with which the point b is urged to turn by the wei^ P ; 
it is likewise shown that there will be an equilibrium there, since the 
levers A 6, a 6, will communicate their forces by another pcHnt u of 
the circumference a 6 u O. 

Corollary I. 

If by the points O (No. 10, and 11,) from the centres A a of 
motion, we describe the circles R, X, and suppose that one of the 
circles acts with the other, by a pitching of infinitely small teeth, 
the weights P, p, will remain in equilibrium ; and if the circle R, for 
example, goes unifbrmly, the circle X will also move uniformly : for, 
1st, the teeth being infinitely small, the radii A O, a O, by which 
these teeth act, will be alws^s of the same length, and the action of 
the weights p and P will always be applied in the same manner, hence 
there will be always an equilibrium. 2d, If one of these circles is 
moved with an uniform force, so will the other be : for each point of 
one circle will apply itself successively to all the points of the other, 
so that the space described by a point O, situated in the circumfe- 
rence of one, will be equal to that of O, situated in the circumference 
of the other ; and this space being the same, as well as the time of 
motion, the velocities of the circles R, X, will also be the same, firom 
whence follows uniformity of motion. 
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The mdn A 0, a O, of the circles R, X, which express the ratio of the 
witlutioiiSt are called the primUioe radii. 

Corollary II. 

The point b (No. 10,) by which the lever 6 A D conducts the 

kfsr & A C, being always supposed in the circumference a 6 0« the 

primi t iv e circles tend to turn with tiie same force and the same velo- 

diji tbTf 1st, Let F,/ be the forces with which in this case they 

tSDd to torn tiie circumference of the circle R, and that of X, we 

shall have i » : F : : A : A 6, and /: 6 m : : o 6 : o c, or o ; 

YiesideBi it has been soen above, that 6«i:6n::A6:AB; then 

/:F::A Oxa b:a OxA B: and the similar triangles, o 6 0, 

adABO, giveoO:AO::a6:AB; then o OxA BsA 

Xs & ; then ,^F : and the circle R being moved with an unifonn 

nolioD, the circle X will also be moved with an uniform motion. 2d, 

ViMever be the velocity at the point 6 of the lever D A 6, that 

vkidi it win conmiunicate to the lever 6 o C, following the perpen- 

iatu 6 m to the point of contact, must be the same as that of the 

point b in the same direction ; and if we let fall the perpendicular 

a 0, ttie velocity following b n will be represented by 6 n, and the 

vUtj foUovnng 6 m will be represented by 6 o. Moreover, let Y 

be Iho velocity of the circumference R of the wheel, and u that of the 

cireomfaence X of the pinion, it is evident that Y : 6 n : : A O : 

AiiDd6o:«::a6:ac, oroO; besides the similar triangles 

^ (to, and A 6 B give 6n:6o::A6:AB; then Y : « : : A Ox 

si: a OxA B; and these two last products are equal, as hath al- 

nadjr been seen; thenti=F. 

Corollary HI. 

If the pdnt 6 (No. 11,) where the lever D A 6 acts on the lever 
si e, is not situated in the circumference of a circle described on a O, 
cr QQ A O ; if it was, for example, placed within, as at g, or without, as 
It i, te wei^tB P p will no longer be in equilibrium : to prove it, draw 
the line SI & perpendicular to the lever ab c; then, according to what has 
been said above, we have 



P : fcn . 


: : A & : AD 


hn : hm : 


', : A X : A h 


p: P . 


: : AD : AO 


z : p \ 


: a : a h 
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In calling z the force with iidiich the wei^t p tends to turn the point 
h in the opposite direction to ar ^ we have z :hm: : A xXo : A Oxa 
h : now, it is easy to show, that if the point h is not on the circle a 6 O, the 
product A arxa can never be equal to the product A Oxa & ; then z 
can never (in the same supposiUoni) be equal to ^ m ; hence there can be 
no equilibrium. 

« 

Corollary IV. — No. 11. 

Things remaining the same as in the preceding Corollary, it will be 
shown, in a manner analogous to that which has been used in the Second 
CoroUary, that the forces with which the primitive circumferences tend to 
move one another, cannot be equal ; and, as the velocity of one being 
uniform, that of the other cannot be so ; then the point h, (No. 11,) by 
which the lever A h pushes the lever a c, cannot be at a distance from A« 
idiich is always the same, since there would be an infinity of cases where 
this point would not be in the circumference o 6 O, which is, however, ne- 
cessary for uniformity of motion ; then the figure which ought to be given 
to the teeth of a wheel, to conduct imiformly the right lined leaf of a pin- 
ion, cannot be a right line. 

CoROLLART V. — ^Plate n. (A.) Fig. 1- 

Finally, if the lever prolonged A 6, is formed by a curve 6 «^' f^ N, 
which is such, that when a fixed point, N, of the circle R, dudl have 
described any space N, the lever a c touches this curve in a point 6, 
which is on the circumference a 6 0, and so placed, that the arc 6 may 
be equal to the arc O N ; then this lever will conduct the pinion with an 
uniform velocity and force ; for the arc O b being equal to the are O e, as 
is easy to be proved, it will also be equal to the arc N ; and, conse- 
quently, this point N, and the point c, will have described equal spaces in 
equal times ; from whence naturally results the following method to trace 
the figure of the teeth of wheels, when they must conduct a pinion whose 
leaves are right lines. 

Problem I. 

A lever, A 0, (Fig. 1,) acting on a lever a O, on the point in the 
line of centres, and the weights P p, being in equilibrium, it is wanted to 
trace on the end prolonged of the lever A O, such a curve, O t r^ s^ b^ : 
1st, That it shall cause the circle X describe a space equal to that of the 
primitive circle R : 2d, That at all the points of motion, the weights, P p, 
remain in equilibrium. 
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Sohttion, 



With the points A a of the centres of motion of the levers A 0, 
a 0, and through their point of touching at O, roust be drawn the 
primitive circles R and X, to divide the circumference of the circle 
X in setting out from the point O, at pleasure into any number of 
equal arcs, to divide likewise the circle R, in setting out from the 
point into a number of equal arcs, which are to the number of 
thoae of the circle X, as the radius A O is to the radius a ; in this 
eamplet the radii being to one another as 3 to 1, and the circle X 
beiog divided into six equal parts, we divide the circle R into 18 ; 
if tei ttiese two circles turn one another by simply touching, the circle 
X viD make three turns in the time that the circle R will make one ; 
and iriiea the point O of the primitive circle X shall have described 
in are of 60 degrees, as c, the point of the primitiye circle R 
liQ kave described the space N, or the arc of 20 degrees : these 
tWDqpiantities, c, O N, are then equal, and express the unfolding of 
Aetvo droles; we then divide each space N, c, into the same 
nmnber of equal parts, as into 5, so when the two circles R, X, turn 
one another round by simply touching, each division, 1, 2, 3, 4, and 
r, S', 3^ 4\ meet in O, division afler division. From the centre a,. 
let the fines a c, a 1, a 2, a 3, a 4, be drawn, which will mark the 
difirent positions of the lever a O, while it turns from O to c ; and 
thejnmfa 6, r, «, U o, express the overplus lengths of the lever A 0, 
when it acts on that of a O, in its different positions, a 4, a 3, a 2,. 
• 1 ; if we then draw through these points of intersection, 6, r, «, f ^ 
of the semicircle a O, portions of a circle, 6^ 6, r^ r, «^ «, f" /, Sec 
teie portions of a circle will mark the different lengths, that the 
kfer A O must have, to drive that of a O uniformly, and we will 
cany these lengths, O 6, O r, O *, O ^ &c. to 5'' 6', 4'' r', 3^*',. 
y' ft 1'' ^^ and describe portions of circles, b% r', tf', t\ which cut 
4oie of ft' 6, r' r, ^^ », t^ t, &c. If these intersections are joined by 
smaD curve lines, we shall have the curve, 6^ r^, «^ t% u\ 0, which 
wiD fulfil the conditions required ; for when the point of the pri* 
native circle R shall have described the space N, the line b'* V 
will &U in with that of 6 ; thus the weights P p will be in equi- 
librium, and the primitive circle X will have described the similar 
space O c. Moreover, when the point O shall have described the 
^pace x^ the line 4^^ r^, will apply itself on that of O r, and the 
iefer a O wiD have come to ar 1, the weights will be in equili- 
brium, and the spaces O 1, 1^ of the primitive circles X> R, will be 
and so on, &c. 
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We shall determino (Fig. 2) the curve f «^ r^ 6^ that the lever 
a ought to have, to lead unifonnly the right lined lever A O, by 
making use of the same method, and in applying the same reasoiiiiigSy 
&c. which served in the case where the great lever drove the small 
one: we shall operate on the great primitive circle R, as was done 
on the circle X ; trace on A a semi-circle ABO; divide the cir- 
cle X into six equal parts, for example, and the circle R into 18 ; di- 
vide likewise the spaces c, O N, into similar parts 1, 2, 8, 4; 
1^ 2^ 3^ 4^ ; and draw, as in the preceding example, the radii A c» 
A 1, A 2, &c. and draw through the points of intersection of the 
semi-circle ABO, portions of circles b b\ rr^^a tf^i i\ &c« which 
will serve to form the curve, by describing jfrom tiie points 6^\ A*\ 
Z'\ 2^^ &c. portions of circles 1/ r^ ff \f u\ which cut those of ft' 6, in 
such a manner, that b" 1/ is equal to o 6 ; 4^^ r^ to or; S^^ tfto o $, 
&c., and drawing through these points a line, we shall have the curve 
ft^ r', s^i t\ 0' ; and by the same operations its like, h r^ i^^ f^ V ; 
by these means in all the points of motion, the wei^ts P p wSL be 
in equilibrium, and the spaces described by the primitive circles X 
and R will be alike. 

Retnarka. 

The same things will take place, whether the curve u^ if tf r^ V 
(Fig. 2.) drives the lever A from to B, or that the lever A B 
drives the curve h r^' tf' V N, from B to ; or whether (Fig. 1.) 
the curve u' V tf t^ h' drives the lever a 0, from to c, or that the 
lever a h c drives the curve 6 1^' ff^ if* N, from c to O : but although in 
these different cases, the spaces described by the primitive circles are 
equal, and that the weights P p are always in equilibrium, it does not 
follow from thence, that it should be indifferent to cause the leven 
drive before or after the line of their centres ;* on the contrary, it is 
always preferable to make them drive ajitv the line of the cenfrety as 
when the curve t^.s* r* b\ (Fig. 1.) drives the lever o from O to 
c ; for in this case, if the curve is not of an extreme precisioni 
there will only follow from this, inequality of force and of motion ; 
on the contrary, if the lever drives the curve before the line of the 
centres, there may result firom this, butting and friction capable 

* The right line a O A, which goes from the centre of the wheel to the centre of 
the pinion, is called the line of the centres: it is said, the wheel drives before the 
line of the centres, when a tooth R (Fig. 4.) which advances from R to N, begins lo 
act on the leaf s of the pinion, before that the point s has come into the right Use 
a O A. The wheel drives after the line of the centres, after that the point t it come 
into the right line a O A, and that the tooth continaes to drive the leaf in tomiog 
from R to N. 
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to prevent the levers from turning ; the reason of it is, that the 
force of the lever which drives before the Une of the centres is de- 
oomposed, in- so much that one part tends to drive, and the other is 
destroyed by the centre of the lever, to where a part of the force is 
directed, and so much the more so, that as in figure 1, thd lever 
€Mbe will drive the curve b r at N ma. point which is more distant 
fiom die line of the centres of motion. The line h B expresses the 
direction of the force which tends to move, and 6 A the direction of 
tiie force which is destroyed by the centre A. 

Problem II. 

The number of the teeth of a wheel being given, as well as that of 
tiiefiiion which it must drive, to trace the curve of the teeth of the 
wheel and of the pinion, and to determine the driving before and aflor 
dieineof the centres: Let R N (Plate II. A. Fig. 3,) be the pri^ 
mitife circle of the wheel, which shall have IS teeth, and X that of 
the ^mxm, which shall have 6 ; divide the circle R intp 18 parts, 
eedng out from the line of the centres a O A, and the circle X into 
6 puts, setting out from the same line ; subdivide into several like 
perta, as into 5, for example, the divisions O N, O c, of the wheel, 
and of the pinion ; these subdivisions will serve to form, by the me- 
thod gpren in the first Problem, th^ curve N u' V b' r' d\ supposing, 
then, ^ leaf, or tooth of the pinion, must be of the thickness ti, 
diride the arc N 4 remaining of the divialDn of the wheel, into two 
paifiN m, n m, leaving a small distance between n and u for the 
pity or fipeedom of the pitching; from the point tn, and centre A of 
the wheel, draw the line A m <f, which viill cut the curve 6 « i ii N 
ioapointd; so the curve d r'a't'u' N will be that of the teeth of 
due wheelt and m d, the surplus of the teeth on the primitive radius, 
and theo n N will be the arc of driving afler the line of the centres, 
and II 0, thai which ought to be described before the line of the 



Now to construct the wheel and pinion, we draw again (Fig. 4,) 
the primitive radii of the wheel and> pinion; and in the line of the 
ceBlres A a draw the semicircle ci a on the radius of the pinion, 
tbmi from the centre A, (Fig. 3,) and top of the tooth N u' V s' d' n, 
take the distance A d, which carry to (Fig. 4,) from the centre A, 
describe a portion of a circle, which shall cut tho semicircle ad O m 
a point d ; this point will mark the top of the tooth ; so in drawing 
from the centre a of the primitive circle X, the radius a d c, this 
radius will represent the flank, or side of tho leaf of tho pinion : and 
setting out from this point, divide the circle X into 6 parts, through 

13 
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which draw radii to the centre a ; make the thickness of the leaves 
of the size u (Fig. 3,) and the sides of the pinion leaves will be 
formed. 

Finally, to form the teeth of the wheel, draw from the centre A to 
the point <2, the line A m d, and setting out from the point m, divide 
the circle R into 18 parts, and draw the lines A R n, which mark 
the distance of the teeth ; and on the sides of these lines from the 
curves traced (Fig. 3,) we shall have* by this means a wheel, which 
will make the pinion turn as uniformly as if the circle R carried round 
that of X by simply touching it. The curves of the leaves of ^ 
pinion are traced in the way which has been shown before ; but aa in 
the proposed example, they become very small, having for lengdi only 
the interval which is between the point r of the primitive circle X». 
and the point • of the semicircle A B » O, (Fig. 4,) in taking this 
greatest length r • of the pinion, and applying it (Fig. 2,) in sucb 
a way, that from the centre a we cut the curve N, ^ the small aeo* 
tion V will determine the length o o of this curve of the pinion ; if the 
driving began rather before the line of the centres, we couM deleiw 
mine the curve of the pinion, by working as has been done in figure 2, 
and applying the same method which was used for the teedi of the 
wheel ; but we ought to avoid as fiur as possible having much to drive 
before the line of the centres. 

To render a pitching the most perfect possible, and to avoid the 
inequalities of the curves of the teeth, in the case even of the driying 
after the line of the centres, pinions should be made with the greatest 
number of teeth or leaves, as of 8, 10, or 12, &c. ; by this means we 
reduce to tibe least quantity, the obstacles which arise from ih» 
driving before and aAer the line of the centres, and the curves 
of the teeth becoming insensible, there results the least inequality^ 
should they oven be badly formed ; for the pitching of the pinions of 6* 
requires care to have them well made, not only in determining die 
size, which var%e3^ but in forming the curves exactly, and to avoid 
at the same time inequaUties, butting, friction, &c. 

The example which has been gi\'en, will sufiice to explain how we 
might trace the form of the teeth of wheels and pinions for laige WQrk> 
and thus to form pilchings which will drive uniformly. 

^ T« Ibrm teeth aimilaLr to thoec of N <f n (Fig. 3,) without befpniiing mgain the 
|W«ctdmg opcr«tion«, take from the centre A to the top d of this tooth, and cany it 
to any Uim whatever A d (Fig. 9.) ; do9cnhe from the same centre A the portioDS 
i' «, r* f, a' H, N a, which mark on the line A d^ and take the lengths ai N, e imi f, 
M, and daacribe tmall portions of circles which cut those of «^ s, &c. ; and leading 
through the ponU of intersectioo a line Nv'fWstii. we shall hare two 
and conieqiMntly a tooth tiniikr to that N I'd a (Pif. S.) 
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It is to be observed, that the dnving before and afler the line of 
the centres^ difiers according to the number of the teeth of the wheels 
^U)d of the pinions ; and, according to the proportion of the leaves of 
tlie pinions to the number of the teeth of the wheel ; so it would be 
proper, that for each different number we made figures of teeth in 
laigs size, that thereby we could determine in all cases, the driving 
ijc&ie and aAer the line of the centres, the sizes of the pinions, and 
tlw excess of the teeth of the wheel be jond the primitive radius ; for 
it is again necessary to remark, that the sizes of pinions o£ 6, for ex- 
ample, or any other, differ, according as they make a greater or less 
mmiber of turns, with regard to the wheel ; thus a pinion of 6 y/bkh 
18 dof en by a wheel of 60, is of a different size from the pinion of 6 
iMfAk is driven by a wheel of 30, even when the wheels should be of 
tflze proportioned to their number of teeth, and the driving in both 
cttM, not made equally before and aAer the line of iheir centres^ 
knng fixed such principles, workmen, in following them attentively, 
vinake good pitchings. See Esaai Sur V Horlogerie^ towu u, pp, 2 
i»Si, par ML Ferdinand Berthaud^ Horloger* Paria^ 1768. Those 
vfaowish for more particulars on this subject, are referred to Court it 
MalkBmaHqM^ troiaUme partie. BlUmen$ de Mkhamqiu SUUiqiu^ 
iMk &. par M. Camiu^ ParU 1767; or a iranalaHon of that part of 
iU ngardmg the lumbers and Forma of Wheel Tedhf for J. 
T^ior, of the ArchUectural Library^ 69, High Hotbcm^ London^ 

IL de hi Hire seems to have been the first who showed how to trace 
<b curve, that was best adapted for the teeth of wheels and pinion8» 
1018 they might turn with an uniform motion. — ^Whenawheel turns a 
fiMi, it may be said to drwe it, and when a pinion turns a wheel, it may 
be said to be leading the wheel ; the one being a quick, the other a slow 

OOtiOB. 

To have a good or safe pitching, much depends on the proper size, 
«r diameter of the pinion, on the figure of the wheel teeth, and of the 
pinion leaves : if the pinions are high numbered, that is, not less dian 
eight or ten, any small deviation from a true figure may not be of so 
iBQch consequence as some have attached to it With such smaU 
teeth as are in clocks and watches, in practice, the figure of the teeth 
cniDot well be drawn, nevertheless, our workmen, and wheel teeth 
finisherB, make the nearest approximation they can to the shape re- 
quired; where this is well attained, it is wonderfbl how it prevents 
rabbing, or wearing in the pinions. A strong instance of this is in 
a Beguktor, which we made upwards of thirty ye*s ago, where 
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no iihpiessioii whatever, iBto be seen on the pinkm leaves. Mudl 
of thii^ will also depend on the goodness of the qualities of the brasi 
and steel from which the wheels and pinions are made. LefNnOt a 
watch-maker of considerable eminence in Paris, had in some of his 
watches the wheel teeth and pinion leaves of a saw teeth, or rbtchetr 
like form, having a veiy small rounding off towards the point of 
the acting sides to prevent any catching taking place; these kind 
of teeth have a great appearance of strength. 

In the sizing of pinions, it is no doubt desirable to have them as 
large in diameter ,as they can safely be admitted, and rules for this 
purpose have been given by several artists, which from longer and 
more experience have afterwards been given up. An instance of this 
with Berthoud shall be given, by taking his Table for getting the 
diameters, and comparing it, as we shall afterwards do, with the 
diameters of the pinions, in one of his first-rate marine time-keepers* 
The best method to determine with the greatest precision, the size 
of a pinion for any wheel whatever, (he says) is, before hardening 
and tempering it, to put it with its wheel into the pitching tool; for 
this purpose, some oi the wheel teeth must be rounded off, when it 
will be seen by its pitching, if it is of a right diameter and figure ; 
if it is too laige, reduce it, till it comes so as to have the pitching 
made to move in as uniform a manner as possible ; if it is too small, 
another must be made, or the wheel reduced. 

But to prevent this inconvenience, make use of the following me- 
thods, which serve to give the size as nearly as may be, to which a 
clock pinion ought to be turned before cutting it Cut a slip <^ paper 
whose breadth should be about that of the thickness of the wheel, 
for which a pinion is required to be made ; apply this sUp ^ of paper 
on the circumference of the wheel teeth, supposed cut, but not 
rounded ofi*, and clip it to such a length as to take over as many 
teeth of the wheel, and two more than the pinion is to have leaves, 
the length of the slip of paper will be the measure for the cir- 
cumference of the pinion. If we have, for example, a pinion of 
16 to make, cut the slip so as it shall lay over 18 teeth of the 
wheel, then apply it round the pinion, which reduce in turning, 
till such time as the two ends of the paper slip meet on liq)ping 
it round. The pinion being aflterwards cut and rounded up, (but 
before tempering it,) let some of the wheel teeth be rounded ofi*, and 
fixing it on a smooth arbor, put the wheel and pinion into the pitch* 
ing tool, and see if it is of such a diameter as will, with the the teeth of 
the wheeU produce a regular pitching. With small pinions for clocks^ 
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and in those for watches, slips of paper cannot readily be made use of, 
but here are rules founded, as well as the preceding, on experience, and 
agreeable to the practice of the best workmen. 

When the teeth of wheels are cut, and the diameter of pinions are re- 
quired to be taken from them, caUipers, or spring pinion gages, are used. 
If, for example, it is required to make a pinion of 16 teeth, or Icavesy 
give an extent or opening to the callipers, or gage, so as to take in 6 
teeth of the wheel, taken from the outer flank of the first tooth to the 
outer flank of the sixth ; this is what is called six full teeth. 

^ 15, the callipers must extend not quite to the flank of 
the sixth tooth. 
14, take six teeth on the points, or middle of their 

tops. 
12, five full teeth when it is for a large wheel of a 
clock, and when it is for a watch, take five teeth 
fully on the points. 
10, four full teeth. 

9, a little less than four full teeth. 

8, for a clock, four teeth on the points, for watches, 
take four teeth on the points, less the fourth of a 
space of one tooth. 

7, in a clock, three full teeth, and a fourth of a 
space of one tooth ; for watches, take a little less 
than three teeth of the wheel, when finished by 
forcing the callipers over them. 

6, for clocks, take three full teeth ; for watches, a 
little more than three teeth on the points. 

5, three teeth on the points. 

4, take two square and full teeth. When the pinion 
leads, take two square teeth of the wheel, and a 
half of a space of one of the teeth more : in gen- 
eral, all pinions which lead, ought to be somewhat 
larger than those which are driven. 

Tlie pitching tool which Berthoud recommends for trying the pitch- 
ing of a wheel and pinion, is that which, with us, is called the Ge- 
BBva pitching tool, and has been long known and used in this coun- 
tij. He has given a drawing and description of it in the first vo- 
hme of his Blssai mr T Horlogerie, pp. 169, 170, 171. \Micre, 
after desciibing it, he says, " The great facility which this tool gives 
of seeing pitchings, repairing them, carrying them in a correct state 
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to the frame-plates of a clock or watch, renders this instniment vei 
necessary to Ae workman ; it can be made use of even in setting < 
various %capements, such as the anchor, cylinder, or horizontal on 
&c. But, notwithstanding its utility, there are jfew workmen yiAxo hv 
it, or who even know it. It is, however, not new, seeing that Tfaio 
has described it in his Train cT Horlogerie ; but the extreme indoleii 
of the most part of workmen, has made the use of it to be very Ihnite 
for they seek more to gain money than to make good things." 

It has the advantage over the sector kind of pitching tools, whidi i 
not take in the wheels and pinions, by allowing the working of the pile 
ing to be seen, and serves to check any pinion of an improper diameti 
which may at times, by mischance, have been overlooked, both by tl 
movement-maker and by the watch-maker. 

In the year 1778 or 79, having got rather an imperfect descrqitM 
of a sector or kind of pitching tool, made up in some degree on tl 
principle of proportional compasses, but having an objection to the poio 
standing always in an angular position, by which they were not fitti 
to draw truly off the pitching, from one hole to another, as can be doi 
by the Geneva tool, we made a sector having thick and broad bnu 
limbs, with a strong and true joint, so as it might be always stifll^ fin 
^and easy, at the time when using it. On the line where the legs mec 
when the sector is close i^ut, and about three inches from the centi 
of the joint, were placed two small cylindrical steel pins, about one-ten) 
of an inch in diameter, and two inches long, having conical points ; one • 
the pins had at the middle a sole made from the solid, by which it wi 
screwed on to the upper side of one of the legs ; the other had a socl 
'et fixed on the opposite leg, through which the other cylindrical sto 
pin passed, and could at pleasure be set and fixed so as to make tt 
plane of the sector legs stand parallel to the plane of the frame-plate < 
cmy movement when setting off a pitching. The manner of roakin 
and using the cylindrical steel pins, and the apparatus for fixing thei 
on the legs of the sector, are the same which the late Mr. Penningto 
^aflerwards adopted for his sector, a drawing of which is seen in Plat 
VII. No. 37. 

These steel pins were placed perpendicularly to the plane of tfa 
4egs of the sector, and so as the points of both would coincide in di 
inside line of the sector edges, when the legs are supposed to be diu 
On the side of one of these legs, three inches in length from the en 
and near to the inner «dge, a small groove was sunk, having a squu 
bottom, to receive a part of a straight toothed rack fitted to it, and mad 
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Id slide backward and fonvard in it. The rack was a small slip of 

bnw, about three inches long, and three tenths of an inch broad, the 

outer edge of which was toothed ; from the inner projected a nose-piece, 

bearing on the inner edge of the leg of the sector, and which served 

as a guide to set the wheel on, when taking its diameter across be- 

tweei the edges of the legs of the sector ; about an inch from the 

ead of one of the legs, a pinion of 16 or 18 leaves was made to pitch 

with the toothed edge of the rack, and fixed to the under side of a 

floiall circular plate of brass two inches in diameter ; on the upper 

ode were traced a few concentric circles, the lower pivot of the pi- 

nioD turned in a hole made in the leg of the sector, the upper one 

tmwd in a cock, which was screwed to the leg of the sector, and 

serred to keep the pinion and its plate in their place. From the 

ooek was formed, on the opposite end to that by which it was screwed 

to (he sector leg, an index which lay across the semi-diameter of the 

oreulBr }^aAe« The rack had two small cocks which lay on it, press- 

wg wgmg tight, and which were screwed on the leg of the sector^ 

kaqng the rack steady to its place or. groove on the sector leg. The 

ipaees on the plate between the concentric circles, served for pinions of 

ttnnt numbers, from 12 to 6 inclusively. On turning round the plate 

m cidnr direction, the rack moved backward and forward, canying 

ike MMe-piece with it. Taking a wheel of 64, and a pinion of 8, for 

esaaple, and setting them to their proper depth in the G^ieva pitching 

tool, wliicfa, being set off on any plane or plate of brass, the steel poinds 

of Ae sector pitching tool were made to stand at the same distance as 

Aoie of the Greneva, putting the wheel of 64 so as its diameter might 

itaiid across between the edges of the legs, and bringing the nose- 

piece to this place, a small line was made across one of the spaces be- 

tieeo the concentric circles, appropriated for pinions of 8, and wheels 

tf difeient numbers, so that wheels of 64, and of any other diameter^ 

eorid be set to their pitching. And, in like maimer, were pinions 

ttd wheels of various numbers and diameters, marked with their places 

Si the plate, having their proper depths previously made by the 

Geneva tool. No tool could be so easily and safely used as this 

sector pitching tool, which gave such dispatch, as made it extremely 

asefiil in repairing or examining the depth or pitchings of new or old 

mk. 

Soon after this sector pitching tool was finished, a more improved one 
fiom it, was made by Mr. Peimington, and during the making of it, we 
htd with him a great many trials with pitchings, so as to make it as com- 
plete as possible ; notwithstanding the great utility which it possessed, 
it k peihaps the only one of the kind that ever was made, except a large 



104 SECTOR PITCHING TOOL. 

one made many years ago for our clock-makers, who, like the greatei 
part of workmen, were neither anxious to use it, nor to acquire a know* 
ledge how to use it 

The sector make by Pennington was purchased from him by Mr. 
Auld when in London, and the one for clock-makers, are at presen 
in our possession. Having thought this sector deserving of a place 
a description herewith is given, as taken from the original pamphltt 
published in London, 1780. For its figures, see Plate YII. 

*' This sector is composed of the legs A and B, and the join 
C ; it is divided into 100 (as it appears by the figure) on one side 
and on the other side into 150, in the manner shown at No. 38. A 
the 50th division, and having its centre exactly on the edge of thi 
leg A, is fixed the piece D ; and on the same part of the leg B h 
fixed the socket £, with the movable cylinder F going tfaroa^ 
it, and which may be fastened at any place required by the screw 6 
No. 39, is another view of the socket, &c. the same letters refer i 
each. H and I (No. 37,) are pieces screwed upon the leg A, bmni 
their edges next each other shelving so as to form a dovetail groove 
in which the pieces E and L slide ; the piece L has a notch tfaroug] 
it from one end to the other to admit the piece a, which goes througl 
both it and the leg of the sector, and has a nut screwed on the othe 
side to fasten it at any place ; the pieces K and L are coimectei 
together by the screw M, the use of which is to set the piece I 
exactly to the place required. On this piece is screwed the piece N 
which lies over the edge of the leg A ; it has likewise on it a noniu 
of 10. O is an arch fixed to the leg A, and on which the end c 
the leg B moves. P is a piece fitted upon the arch O, and movabl 
upon it> and which may be fastened at any place by the piece < 
going through it, and having a nut screwed upon it on the othe 
side. The piece P and the leg B are connected together by thi 
screw Q, the use of which is to set the leg B exactly to the plac< 
required. 

THE USE OF THE SECTOR. 

I. — To find the proportional nzes of Wheels and Pinions. 

Look for the number of the wheel on the sector, then open it till tin 
diameter of the wheel just reaches from one leg to the other even with tlw 
number ; the diameter of the pinion will be even with the number in tin 
small table annexed, as near as I have been able to come at by a grea 
many experiments. 
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PinionB. 


Numbers on the 
Sector. 


6 

7 

8 

9 

10 

11 

12 


7.2 

8.1 

9.0 

9.9 

10.8 

11.7 

12.6 



n. — To draw circles the proportionable sizes of Wheels and 

Pinions, 

Tk fine drawn from the centre of the joints and which is caHed the 
fineof fines, or equal parts, and divided into 150, (No. 38,) is for the 
ooBTemence of setting the compasses, to take the sizes, and answers the 
■me purpose for circles, as the edges of the sector does for niiieda 
ttd pinioos. 

IIL^Tb set the centres of circles at a proper distance from each oAer 

in drawing callipers. 

HiTing the numbers of the wheel and pinion, and the diameter of the 
^M,Iook for the number opposite that of the pinion in the small table 
aonezed, and subtract that from the wheel. 



Pinions. 


Numbers on the 
Sector. 


6 
7 

8 

9 

10 

11 

12 


3.8 
4.6 
6.7 
6.4 
7.0 
7.7 
8.3 



This table is constructed by experiments with wheels and pinions^ 
M appears by No. 40, of the Plate for pinions of six. The wheel 48 
and the pinion of 6 being at a proper distance, and having their centres 
even with the 24th division, the diameter of the wheel touches the lines 
just 3 divisions and S-lOths from the 48 division. The same rule will 
do for every other wheel. 

For example, suppose a wheel of 48 teeth, and a pinion of 6 leaves, in 
the table, opposite 6, you find 3.8, which you subtract decimally from 

14 
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48 ; thus, ~i i, which produces 44 and 2-lOths ; then take the diameter 

of the wheel in your compasses, set one foot on 44.2 on one leg, and 
open the sector till the other falls on the same number on the oth^ 
leg, the distance then between half 48 on each leg, will be the distance of 
the two centres for the wheel to cany the pinion, as appears by No. 
40. A and B are the supposed lines, drawn apart from the sector, for 
the convenience of having the wheel and pinion larger. 6, a wheel 
of 48, and D, a pinion of 6. 

lY. — 1\> net Wheds and Pinions the proper depth in each other^ fiy 

only having the Wheels given. 

At H (No. 37,) are divisions corresponding with those on the sec* 
tor, only numbered the contrary way, beginning at the lOOdi; and 
these are the divisions to be observed in this case : By means of die 
nonius on the piece K, the edge of the piece N may be set the lOtb 
part of one of the divisions, and answers the seune purpose as if evoy 
single one were actually divided into 10 : so that, in using it for this 
purpose, every single division must be called 10, the 10 a 100, &€• 
Suppose a wheel of 48 teeth, and a pinion of 6 leaves, to be set a 
proper depth, look in the table for pinions of 6, and opposite 48 you 
will find 79.1, which is 79, and 1-1 0th of the small imaginaiy divi- 
sions before mentioned ; so that you set the cipher on the nonius as 
far beyond the 7th division, as till the 9th, corresponds with one of 
the other divisions, (the fractional part in this case need not be taken 
notice of;) then, if the wheel be apphed to the edge of the sector, 
close to the piece N, and the legs be brought together until it reaches 
the same part on each leg, the points at D and F will then give the 
proper distance. 

The method of constructing the following tables is thus : divide 
1000 (which is the number the sector is supposed to be divided in- 
to) by the number of the wheel, and multiply this product by the 
number opposite to that of the pinion in the table, and this will be 
the number for that wheel. The sector may be divided into any 
number which may be judged most convenient, and the same rule will 
continue to answer in the construction of the tables, or rather multiply 
1000 by the number in the table, and divide by the number of the 
wheel. 

Mr. Pennington has said, midtiply the product, whereas he should have 
said, multiply the quotient, by the number opposite that of the pinion in 
the Table, p. 8. of his pamphlet See 2d Table, page 105. 
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A better way is to multiply 1000 by the number in the table, and di- 
TJde bj the niunber of the wheel teeth. For example, a pinion of 8, and 
awheel of 96.1000x5.7—96=59.48 nearly. The numbers in the ta- 
bles here, were made according to the last rule. 



TABLE I. 

Pinions of Six Leaves. 



3* 3*0 

14 

» 

f7 

» 

30 
31 

n 

33 
34 
33 
36 
37 
3S 



Nos. 


No. 

teeth i 

whe 


Nos. 


on the 


on the 


Sector. 


» 3 o 


Sector 

* 


158.3 


40 


95.0 


152.0 


41 


92.6 


146.1 


42 


90.4 


140.7 


43 


88.3 


135.7 


44 


86.3 


131.0 


45 


84.4 


136.6 


46 


86.2 


m.5 


47 


80.8 
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56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 



67.8 
66.6 
65.5 
64.4 
63.3 
62.2 
61.2 
60.3 
59.3 
53 .4 
57.5 
56.7 
55.8 
65,0 
54.2 
53.6 
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72 
73 
74 
75 
76 
77 
78 
79 
80 
82 
84 
86 
88 
90 
92 
94 



Nos. 
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52.7 
52.0 
51.3 
50.6 
50.0 
49.3 
48.7 
48.1 
47.5 
46.3 
45.2 
44.1 
43.1 
42.2 
41.3 
40.4 
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96 
98 
100 
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104 
106 
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110 
112 
114 
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118 
120 



Nos. 
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39.5 
38.7 
38.0 
37.2 
S6.5 
35.8 
35.1 
34.5 
33.9 
33.3 
32.7 
32.2 
31.6 
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38 

19 

30 

31 

St 

33 

34 

35 

36 

37 

38 

33 
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158.6 

153.3 

148.3 

143.7 

139.3 

135.2 

131.4 

127.7 

124.3 

121.0 

117.9 

115.0 
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46 
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50 
51 
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112.1 

109.5 

106.9 

104.5 

102.2 

100.0 

97.8 

95.8 

93.8 

92.0 

90.1 

88.4 

86.7 






54 

55 

56 
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58 

59 

60 

61 

62 

63 

64 

65 
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85.1 


68.6 


57.5 


83.6 


68 


67.6 


82 


56.0 


108 


82.1 


69 


66.6 


84 


54.7 


110 


80.7 


70 


65.7 


86 


53.4 


112 


79.3 


71 


64.7 


88 


52.2 


114 


77.9 


72 


63.8 


90 


51.1 


116 


76.6 


73 


63.0 


92 


50.0 


118 


75.4 


74 


62.1 


94 


48.9 


120 


74.1 


75 


61.3 


96 


47.9 


122 


73.0 


76 


60.5 


98 


46.9 


124 


71.8 


77 


59.7 


100 


46.0 


— 


70.7 


78 


5a9 


102 


45.0 


— 


69.6 


79 


58.2 


104 


44.2 


— 



Nos. 
on the 
Sector. 



43.3 
42.5 
41.8 
41.0 
40.3 
39.6 
3a9 
38.3 
37.7 
37.0 
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Those who might have occasion to have wheels and pinions of such 
numbera as are not in these Tables, may easily by analogy compute 
Where to set the sector, to give the pitching for a number of any ]nni(Mi 
and wheel whatever. 

T%e sector can be made useful in another way, in giving the sizes of 
-wheels and pinions, their pitchings, &c 

Supposing the distance of the centres of a wheel and pinion is two 

inches, and eight tenths of an inch, and it is required to find the diar 

meters of the wheel and pinion, the wheel to have 120 teeth, and the 

pnion 20 leaves. To find the acting semi-diameters, say, as the 

sum of the wheel and pinion, is to the distance of their centres, so is 

the number of teeth which the wheel is to have, to its acting semi-disr 

meter 120+^0=140, and as 140 : 2800 : : 120 to a fourth term which 

is found to be 2400, or 2.4 inches for the acting semi-diameter of the 

irbeeL To get the semi-diameter of the acting part of the pinion, 

ay, as 140, the sum of the teeth of the wheel and of the pinion, is to 

the distance of their centres, so is the number of the pinion to its 

acting semi-diameter, which will be found to be 400, or four tenths 

<3f in inch. The inch is here supposed to be divided into a thousand, 

"ivliich n the reason of the distance of the centres being expressed by 

2800. Taking a radius of 2400, and from the centre of the wheel's 

l^boe, describe a circle, then, with a radius of 400, describe from the 

^^entie of the pinion's place another circle ; these circles will touch 

or comdde with each other on the line joining their centres, and this 

{)iace of touching is, in mill machinery, called the pitch line, and by 

CoMtf the circles are called the primitive circles. Taking these dia- 

^neteis as they are now given, that is, the pinion at .8 of an inch, and 

tile wheel at 4.8 inches, these being set to their respective places on the 

^ect<v, that is, to 120 and to 20 ; then 122.25 taken from the sector 

>nll be the true diameter of the wheel, and 21.6 taken also from the sec- 

%»*, that of the pinion, which are what was required. 

The converse of this rule is obvious. Let it be required to find the 

^distance of the centres of a wheel and pinion, so as they can be set to 

^ proper pitching. It is supposed to be a settled point, that two and a 

^|iiarter may be taken on the sector, or line of equal parts, over and 

^bove the number of the wheel teeth, when the wheel drives the pinion ; 

^nd the [onion's place on the sector, at one and a half more than the 

'luimber of leaves which it contains. But when the pinion leads the 

"feitee], the addenda for it must be two and a quarter, and that for the 

'^'heel one and a half. 

The wheel having 120 teeth, and the pinion 20 leaves, it is re- 
^juired to find the distance of their centres. Set the wheel to 122.25 
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on tho sector, and from 120 to 120 across take the distance, the half 
of which take as a radius, and with it describe a circle from the cen- 
tre of the wheel's place ; let a straight line be drawn from the wheePs 
centre, towards the place where the centre of the pinion is required 
to be. The pinion 20 being set to, 21.5 on the sector, let the dis- 
tance 20 be taken from it, and with the half of this as radius, set one 
foot of the compasses at the place where the wheePs cnrcle intersects 
the straight line, and with the other foot intersect this line ; this in- 
tersection will then be the distance of the centres, where the wheel of 
120, and the pinion of 20, will pitch properly together. The same 
opening of the sector must serve for both wheel and pinion, if they 
are duly proportioned to one another. If these operations are care- 
fully gone about, the diameters of wheels and pinions, and their dis- 
tance of centres, may be very accurately obtained, in work approach- 
ing nearly as small as that of watch-work, and in which too it even 
might be done, if required. An example of such may be taken: 
The distance of the centres of a wheel and pinion is .8 of an inch, 
which call 800, being 800 thousandths of an inch. The wheel is to 
have 84 teelh, and the pinion 16 leaves, it is required to find their 
diameters? The sum of the wheel and pinion is 100; then say, as 
100 is to 800, so is 84, the number of the wheel teeth, to a fourth 
number, which will be the acting semi-diameter of the wheel. 100 : 800 
: : 84 : 672, which is the acting semi-diameter, being 672 thousand parts 
of an inch. The acting semi-diameter of the pinion is found in the 
same way. 100 : 800 : : 16 : 128, the number of the thousand parts of 
an inch for the acting semi-diameter of the pinion. Then 672+128= 
800, the distance of their centres. With these numbers, 672 and 128, 
taken as radii, describe circles, take the diameter of each and apply 
them to their respective numbers on the sector, viz. 84 and 16, and with 
this opening take 86.25 from the sector for the diameter of the wheel, 
and 17.5 for that of the pinion, which will be their true diameters. 

Having a wheel of 84 teeth and a pinion of 16, it is required to 
find the distance of their centres ? Set the wheel to 86.25 on the 
sector, and from 84 to 84 across take the distance, with the half of 
which taken as radius, describe a circle whose centre is in some straight 
line or other ; the pinion being set to 17.5 on the sector, take die 
distance between 16 and 16 on the legs of the sector, and with the 
half of this distance taken as radius, describe a circle on the same 
right line where the wheel circle is, whose circumference shall fall 
in with that of tho wheel ; the distance between their centres will be 
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the distance where the wheel of 84, and the pinion of 16 Hill pitch 
property together. 

For such purposes as these, it is requisite to have ^mf nice dividers, 
or ctaopasses, and a scale having the inch divided |pto tenths and 
thoasaiidths of an inch. ^ 

It ii more than forty years since we urged the expecBency of work- 
men in the difierent branches, making use of inches aid parts of an 
iDchf in whatever kind of gage was used ; and from ttt would rc- 
adt much ease, convenience, and advantage, not only t(r thflwelves, 
but to those who employed them, or gave them orders for %bAniight 
be wanted. To show how irregular they are in this p«C B their 
bomiess, for example, one movement-maker had his pillars cajfl 12, 
and his frame or pillar plate S, as one of his movement Ikes ■ano- 
ther had also a way of expressing by numbers his sizes, mm dflbiing 
fi«n dioee of his neighbor; and neither of them had tBT smallest 
mlogy to any known measure, each having his gage made ac|Cord- 
bg to his own fancy. Were every size, either in height of pilars, 
« Yo^ges, diameters of plates, dials, glasses, &c. expressed by |Mi- 
nres of inches and its parts, every one could then understand Vrhat 
he bad ordered, and what he had to expect The breadth of faprii^ 
8Dd flieir lengths, should be expressed in the same may, and even 
their weight in grains, or in ounces, pennyweights, and grains troj* 
Tbeie seems to be but little difRculty in adopting a plan of this-;, 
sort; bat it has not yet been done, and we regret to say we suspect it ^ 
AeierwilL 

The following is a description of a sliding scale of equal parts, of 
nek general utility, that no clock or watch-maker ought to be with- 
out having one of them, as it supplies the place of a sector, of a 
pitching tool, of callipers, or pinion gages ; it may be used also as 
conpesscs, or dividers, and as a pivot gage for clock pivots ; it might 
he ntber heavy for watch pivots, which would require a very small 
lector, or micrometer spring gage, such as Berthoud used ; the com- 
QOD pivot gage with holes not being readily reducible so as to give 
the diameter of the pivots to a known measure ; the sliding scale 
mtj be made to various sizes, or according to what description of work 
it ii intended chiefly to be applied : — Take a piece of plate brass 
vbD hammered, seven inches in length, three quarters of an inch in 
breadth, and about one tenth of an inch thick, made very straight 
end plain on the sides and edges, like to what may be called a plain 
ecale or straight edge; let there be put on one of the sides, two 
efips of well hammered plate brass, whose sides and edges are truly 
filed, one of the edges on each must be filed a little bevelled, so as 
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when the slips at9 fixed to the scale, these edges will form a dove- 
tail ; the slips jM fully six inches long, one quarter of an inch broedy 
and one twentiRn of an inch thick : the square edges of the slips most 
coincide with |he outer or plain edges of the scale when fast pinned 
on it, the sp«0e then between the bevelled edges Will be about three 
tenths of an mch in breadth ; in this space, another piece of good 
and well hnmered plate brass is fitted, being of the same thicimess 
with the pwcd on slips, and somewhat more than two inches long, 
lall slit of half an inch long made in each end, and near 
which is opposite to that, on which a nonius or vernier is 
[put ; the small slips at the end made by the shts are set out a 
to form or give a kind of spring tightness to this piece of 
moving in the dovetail groove, and keep the side where 
is, close up against the slip fixed on the scale. On tins 
slip, at tft line of the bevelled edge, is laid down six inches, nuin- 
bered O, 1, 2, 3, &c to 6, each inch divided into ten, and each tenth 
divided into five, so that each inch is divided into fifty parts. On Ae 
piede of brass fitted into the dovetail groove, and at the fine which 
conesponds with the inches and parts laid down on the scale, ia the 
nonius laid down, consisting of 20 divisions of equal parts, and num- 
bered into twice • five and ten. These 20 divisions on the nonhis cor- 
respond to 19 divisions, or nineteen fiflieths on the scale, and by 
this means the nonius can divide each fiftieth into twenty, conse- 
quently an inch can be divided into a thousand, — a measure so ex- 
tremely small, that few could work nearer, or even up to it, in the 
very nicest parts of watch-making. The beginning of the nonius 
divisions is distinguished by a sort of lozenge, which corresponds to 
zero or O on the scale, when the dovetail piece is home to its place. 
On the outside of the slips on the scale are screwed two thin pieces 
of steel somewhat in the form of a square, one leg of the square being 
screwed on, the other projects beyond the edge of the scale about 
three tenths of an inch, one at each side or edge ; another thin and 
nearly straight piece of steel is screwed on to the dovetail piece, near 
to the end opposite to that on which the lozenge is engraved. When 
the line of the lozenge corresponds with O on the scale, then the edge 
of the steel square, (which is on that side of the scale opposite to that 
where the divisions are laid down,) and the piece of steel which is on 
the dovetail piece meet or coincide ; between these edges, the dia- 
meters of wheels and pinions, &c. are taken, the lozenge, or some 
division of the nonius corresponding to the number on the scale, gives 
the diameter in inches, tenths, and thousands : between the edge of 
the other steel square and the corresponding end of the steel piece on 
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the dovetail^ a small opening is lefl, in space equal to the outside of the 
opposite steel ends, when home at or zero ; this is for taking the out< 
ade diameter of any things the other for the inside of that, for which 
the other m intended to be fitted into. On the end of the dovetail piece^ 
outside of the steel piece^ is fixed a small brass stud, anodier small stud 
somewhat larger, whos6 shoulder moves along the space of the scaloy 
which is between Ihe dovetail edges; an opening is made in this 
ipace 4.5 inches long, and three twentieths of an inch wide ; a dou^ 
bfe shouldered screw, having a steel collet, and brass milled head ; the 
Mble shoulder ccHnes from under the scale, and through the open^ 
ip| Ae screw is tapped, and works in a hole in the sole of die largest 
brass stud ; another milled headed screw turns in the laigest Innss 
Btnd, die bead near the stud outside ; this part of the screw cannot 
move endways in the stud ; the tapped part turns in a screwed hole 
in the head of the smallest brass stud. The screw under the scale 
fi&Bg the largest brass stud on the dovetail space, the othdr, on being 
tamed, will, by means of the smallest stud, bring the nonius very ac^ 
cuntefy to the place wanted on the scale; the long opening is for 
Ike double shoulder of the screw to move back and forward in, along 
lift the dovetail piece and noniud on it A very small and nice 
ketan compass is requisite to accompany this sliding scale; or two 
■bbU and short cylindrical steel pins with conical points may be at** 
taeM to the scale itself, as done in the one we use. When the 
loiei^ is home and coinciding with 0, let a hole be made through 
the dovetail piece near to ihe end where ihe nonius ia Uudi and 
tkicale truly opened, so as the steel points may stand perpendicular 
tofte plane of the scale, and coincide in the same point ; but to this 
ixiot they cannot be brought, when the one point is fixed to the 
Kale, and the other to the sliding dovetail piece ; one of these points, 
tke one which is attached to the sliding piece, will require to be im- 
bed or taken out of its place for the time, when very small diame' 
tn are to be taken. In making use of this sliding scale, a little 
htovledge 6f the rule of proportion, and of decimals, is necessary ; by 
i the size of the pinions may be had before the wheels are made, or 
pit die diameter of a wheel to a given pinion. Clock-makers, before 
mdong their pinions, are in the practice of first having their wheels 
cot; as it is from the teeth and spaces, thoy get the diameter of their 
jnons. By the proper use of this scale, the pinions may be made 
at any time, whether the wheels are made, cut or not cut Clock and 
watch-makers have different methods for taking the diameters of pii* 
mens, as well as different sizes : some take more or less of teeth and 

space by the pinion gage than others do, and the greatest accuracy 

15 
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by this way, is not quite attainable, unless having very extensive and 
nice practice* Some use a sector, having a line of equal parts laid 
down on the legs, and just at their inner edges ; but if no mistake is 
made in calculation, the sliding scale appears to give diese things widi 
the greatest degree of precision* A few examples with it shall be given. 

The great wheel of a turret dock being 12 inches in diameter, and 
having 120 teeth, the pinion which it is to drive to have 20 leaves : 
It is required to have the diameter of the pinion ? 

Say, as 120 teeth + 2.25 (the addenda for the driver) = 122.85 
is to 12 inches, or 12000, die diameter of the wheel, so is 20 die 
pini<Mi leaves + 1*6 (the addenda for the driver) = 21.5 to a fbuith 
number, idiich wiU be that for die diameter required. 

Then, as 122.25 : 12000 : : 21.5 : x 

21.5 



60000 
12000 
24000 



122.25)258000.0(2110.4. The number required for die 

24450 diameter of the pinimi. Say 2.1 

inches, and -H'iftr of an indi. 

13500 

12225 



12750 
12225 



62500 
48900 

3600 

The diameter which is given here for the pinion, is greater than 
the projection of the steel edges of the sliding scale can take in, which 
was not intended for work quite so large ; yet when it is set to 2110*4, 
the diameter may easily be transferred from the steel edges by means 
of a pair of calipers. In such ku-ge work as this, what cannot be 
done by the sliding scale, may be done very easily, and with the 
greatest exactness by the conmion Gunter's scale, where inches, tenthn 
and two hundredths of an inch, can be taken. 

The great wheel of an astronomical clock having 96 teeth, the dia^ 
meter 3.2 inches, and ri%^ of an inch more, or say 3220, the pinioii 
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which it is to drive is to have 30 leaves : Whatmust the diameter of this 
piDioabeT 

96+2.26—98.25. The diameter 3220, and the pioioii 30+1.6«> 
31.5. 

Hmo, as 98.25 : 3220 : : 31.5 : x 

31.5 



16100 
3220 
9660 



98.25)101430.0(1032.3. The diameter of the pinicm must 
9825 be 1 inch, and AVf of an inch. 

31800 
29475 

23250 
19650 

36000 
29475 

6525 

Tk great wheel of a common eight-day clock having 96 teeth, and 3.2 
inckeiii diameter, or 3200 ; the second wheel pinion 8, what should be 
tkiSuneter of the pinion ? 

if 98.25 : 3200 : : 9.5 : 309.4. The diameter of the pinion must 
k.8 of an inch, and n^'fr of an inch more. 

Hie diameter of any wheel (by having the diameter of the pinion) 
n^ be found in the same way as that of the pinions* 

The diameter of the centre, or second wheel pinion of a spring clock, 
beng 2.8 tenths of an inch, or 280, and 8 leaves, the great wheel to 
fare 96 teeth : Required the diameter ? 

Sty, as 9.5 : 280 : : 98.25 : x, or 2895.8. The diameter which the 
IM iriieel ou|^t to be, being 2.8 inches, and VV^f of an inch. 

Having a wheel of 120 teeth, and whose diameter was 4.8 inches, 
to get the diameter of a pinion of 48, a slip of paper was extended 
eitr 60 teeth, according to a rule of JVf. Berthou(Jp8^ which measured 
k length 6200 as the circumference of the pinion. From this cir- 
ooGarence to find the diameter, say 355 : 113 : : 6200 : 1973, this 
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last number is the diameter of the pinion. By the same mediody 
1012 was given for the diameter of a pinion of 24 ; and for a pinioQ 
of 12, 638 fbr the diameter of it 

Calculating these numbers by the rule given when using the sliding 
scale, they were 1943, 1001, and 630; and comparing them with 
those given by Berthoud's rule, it will be seen that it gives the dianie> 
ters rather too large. It may be observed here, Ihat pinions of lesser 
numbers have a greater diameter in proportion than those of double or 
quadruf^e the number. For example, the pinion here of 12 has the 
diameter 630 ; this multiplied by 4, will be 2120, and the diameter of die 
pini(m of 48, was only given 1943. But the more a pinion approxi- 
mates in nun^ber to the wheel, the less wiU be the difference of the ratio 
of their diameters. 

It would appear, as has already been hinted, Ihat Berthoud had 
relinquished the rules for taking the diameters of pinions, as given in 
his jE^Mot, by comparing them with the pinions in a very fine marine 
time-keeper. No* xxxiii. Ifwentie par Ferdinand Berthoudf 1786, 
being twenty-two years afler the publication' of his Essai. AH the 
pinions in it had 16 leaves, and were all of the same diameteri 
148, as taken by the gage of the sliding scale, measuring ten teeth 
and spaces of the wheels, whereas they should have measured eteven 
teeth and spaces. The slip of paper method would have made their 
circumference 620; and the diameter 165.6, or 11.18 teeth and 
spaces, giving a much greater diameter than what he had afterwards 
adopted in his practice. The diameter of the great wheel 1761, and 
192 teeth, driving a pinion of 16 leaves : Required the diameter of the 
pinion? Say, 194.25 : 1751 ; : 17.5 : 157.7; this last number is then 
greater than 148 by t%^ of an inch. All the pitchings in this time- 
keeper were, however, extremely good, the teeth apparently qiproached 
to that of having a drop, and yet it could not be confidently said thai 
they had. 

The rule which Mr. Hatton, (in his introduction to the mechanical 
part of clock and watch-making,) has given for finding the diameten 
of pinions, will make them too large : and that which is given in a 
very respectable work (Rees' Cyclopsedia) will make them largef 
still. The rules are nearly the same in both, only Mr. Hatton'i 
addenda is 1, and that of the other is 1.5. Multiply the number in- 
tended for the pinion by 2, then divide the product by 3, and to the quo- 
tient add 1, or 1.6, as they may apply, and this will be the diameter in 
teeth and spaces, taken from the wheel which is to drive the pinion. 
An example shall be taken in hoik cases fbr the diameter of a pinion oi 
8 leaves, 
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8X 2 = 16-^3« 5*+ 1 —6+ 
8 >^ 2 B 16 -r 3 « 6i + 1-5 « 6.8. 

Ahhou^ the rule now to be given, differs not very materially from 
the two last, jet it wiU be found to be a good one, and give such diame- 
ten to Ibe pinions as will at all times and cases ensure safe pitching, 
Mnltiplj the given number of the pinion by 2, to the product add 1, 
iDd then divide by 3, the quotient will be the diameter required. 
Take the former as an example, 8^ 2asl6 +l=sl7-i-3 »51. 
Bang three teethe two spaces, and two thirds of a space, taken by the 
diperB from the teeth of a wheel not rounded up, and which wiU be 
a diameter sufficiently large. In taking the diameter for a leading 
(inioo, it will make but a very small difference, whether the addenda 
k two, or two and a quarter. For a pinion of eight, the diameter in 
the one case is 6, and in the other 6.08. 

In a very excellent clock, which was planned out by a very in- 
geDKNtt artist, and executed by another, who (it may truly be said) have 
pohsps not left their equals behind them, were two leading pinions 
aofoj accurately made, that it has been thought proper to give them 
a place here. One of them, a pinion of 8, leading a wheel of 96 
teedi, and 3 inches in diameter ; the diameter of the pinion by the 
^Ang scale was 316. To find its diameter, say, as 97.6 : 3000 : : 
10J6 : 315.6 ; this last is so near, that between it and the actual 
fbmita 316, there is liot tsVq- of an inch of difference. The other 
apinioD of 12, leading a wheel of 366 teeth, whose diameter was 7.9 
JBGhes, that of the pinion 307. To show what it ought to be, say, 
ai 366.5 : 7900 : : 14.25 : 307. ; such extreme accuracy is rarely to be 
PKt with* The diameter of the great wheel of a clock being 3.9 
ivAes, having 96 teeth, and the pinion which it is to drive has 8 
ktfei: Required the distance their centres should have, so as they 
mj pitch properly together ? Say, as 98.25 is to 3200, the diameter 
of the wheel, so is half the sum of the wheel and pinion added to- 
gather, to a number which shall be the distance required. 96+8as 
104, half of which is 52 ; then 98.25 : 3200 : : 52 : 1693.6, the dis- 
teoe whipb the centres ought to have, which is 1.6 inch, and iVof of 
anbch more. 

Having the distance of the centres, it is required to find the dia- 
Mer of a wheel of 96 teeth, and the diameter of a pinion of 8, which 
it ia to drive, so that they may pitch properly together ? The half 
mm of the wheel and pinion is 52, the distance of the centres i^ 
}f93.6t Bnd the wheel 96+2.25 =98.25 ; then say, as 52 : 1693.6 : ; 
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98.25 : 3199.9, which number is that for the diameter of the wheel 
96, and is within TV^nnr part of an inch of 3200. To find the diap 
meter of tiie pinion, say, as 52 : 1693.6 : : 9.5 : 309.4, the number 
for tiie diameter of the pinion being the same as was found in ai^ 
other case. The examples given here for the practical dockmaker, 
ought to be sufficient for the watchmaker also : but, in order to make 
tiie matter as fiuniliar to the latter as possible, a few cases may be 
taken with watch wheels. 

The fusee great wheel of a repeating watch, having 60 teeth, and 
780 in diameter, the second wheel pinion (which it is to turn) to be 12: 
Required the diameter of. the pinion? Say, as 62.25 : 780 : : 18.5: 
169, the number of thousand parts of an inch on the sliding scale, 
taken firom between tiie steel edges, for tiie diameter of the pinion. 
The second wheel of the same watch having 64 teeth, and the dii^ 
meter 668, the pinion which it is to drive to have 8 leaves : Beqoired 
the diameter of the pinion ? 

as 66.25 : 668 : : 9.5 : 96. 

The second wheel of a watch having 100 teeth, and in diameter 
769, the pinion 10 which it is to drive : Required the diameto of the 
pinion? As 102.25 : 769 : : 11.5 : 86.4, the diameter required* 

A wheel of 64, and one inch in diameter, drives a pinion of 8 leaves : 
Required the diameter of the pinion ? As 66.25 : 1000 : : 9.5 : 143.4. 
the diameter required. 

To find the diameter of a wheel, 64 being the number of teeth 
which it is to have, the diameter of the pinion 143.4, and 8 leaves, as 
in the last example? As 9.5 : : 143.4 : : 66.25 : 1000. The number 
1000, or one inch, is the diameter required for the wheel. 

The diameter of a fusee great wheel of 60 teeth is 780, the seciHid 
wheel pinion which it is to drive is 12 : it is required to find the distance 
of their centres? The wheel 60, and the pinion 12, added together, make 
72, the half of which is 36 ; then as 62.25 : 780 : : 36 : 451, the 
distance between the centres, being 4.5 tenths of an inch, and tiVt 
part of an inch more. 

The diameter of a second wheel of 64 is 668, the pinion of the third 
wheel which it drives is 8 : Required the distance of their centres? 64 
+ 8 = 72 -^ 2 = 36. Then as 66.25 : 668 : : 36 : 363, the dis- 
tance between the centres ; being three-tenths of an inch, and tHi 
parts of an inch more. 

Supposing the fusee great wheel to be lost, 'as also the sec<nid 
wheel pinion, having the distance of their centres, to find what should 
be the diameter of each, so as they may be made to pitch properly 
together at the given distance of their centres ? The distance givefi 
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if 45I9 the great wheel is to have 60 teeth* and tiie second wheel 
pinion to be 12. To find the diameter of the great wheel* saj* aa 36 
(wUdk IB the half of the sum of the wheel 60, and the pinion 12* added 
togediar,) is to 461* so is 62.26 to the diameter required. 



36:461:: 62:26: a: 
461 


36 : 461 : : 13.6 : x 
13.6 


6226 
31126 
24900 


2256 
1363 
461 


16)28074.76(780 I>ia- of the wheel. 
262 


36)6088.6(169. 1 I>ia- ofthepmion. 
36 


287 

288 


248 
216 




328 
324 




46 
36 



A ivhed of twice the diameter of another win contain twice the 
Bonkr of teeth, but the area of the circle will be four times that 
tf the odier, so that if the weight is eight ounces, that of the other 
^ be two, both being supposed of equal thickness, — the drcum- 
ftnooes of circles being to each o&er as their diameters, their areas 
IB Ae squares of their diameters. 

Akhoo^ high numbers have been veiy properly and frequently 
leeommended, yet there is a danger in carrying this too far, because 
diBj require to have the size or diameter of the pinions a little less, 
(hutD tiiose vfbere common numbers are used, as the smallest de- 
lation or wearing of the holes will alter them considerably in their 
ftdoDgs ; and this is what we conceive must have led Berthoud at 
last to have the diameters of his pinions smaller than what the com- 
mon rules give. 

A sector, and a sector depthening tool, were made by Mr. Joseph 
Ridley, for which the Society for the Encouragement of Arts, Com- 
mCTce, &c. voted him a premium of twenty guineas. See an account 
of them published in 1788, in the sixth volume of the Transactions 
of fliat Society, page 188, accompanied with two plates of the sec- 

tOtB. 

The description which is given of them is not so complete as could 
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have been wished, nor do they appear to be so convenient as the on 
made by Pennington, which serves both as a sector for taking d 
proportional sizes of wheels and pinions, and as a depthening toe 
In this of Ridley's, we have to adjust the sector to the half sum * 
the number of teeth in the wheel and leaves in the pinion, and thf 
bring two legs of the depthening tool to be adjusted to this place 
this is requiring two sectors, when one could do the business equal 
welL It is objectionable also, by the steel pins or cylinders £ 
marking off, standing in an angular position to one another,— -one 
them, a pumping one, is held up in a perpendicular position, whc 
marking off by the other leg, which is a fixed one, and thereby 
made to mark off in an oblique position. In Pennington's, the ti 
maiidng legs, or cylindrical pins with conical points, stand at f 
times parallel to each other^ and they will set off at any opoung tl 
true places of wheels and [Mnions. 

The plain ' sliding scale is much preferable to either Pennington 
or Ridley's, only it requires a little more calculation to be made win 
using it 

Some few years ago, we had seen it stated somewhere, (so ftr i 
we recollect,) that a sector pitching tool had been invented by B 
Le Cerf^ watchmaker in Geneva, and that a description of k wi 
given in the 68th vol. of the Philosophical Transactions. Latd 
on turning up this volume, we were much disappointed to find i 
descriptuMh although a paper was given in by the inventor to Lo 
Viscount Mahon, then residing at Geneva, along with the two i 
struments, requesting his Lordship to present them to the Roy 
Society of London. The paper is entitled, *' A Description of tl 
Instruments ;" yet in reality &ere is no description given of the i 
struments, although a long detail is given of their properties ai 
various uses, whereby they can be applied to the property sizing 
wheels and pinions in watch-making, &c. As the Reverend Seer 
tary of the Royal Society had got these mstruments in 1T78, wi 
the said deacripiiath to present to that honorable and learned bod 
it is to be regretted that a drawing or engraving had not been taki 
of them, as then a description of them might have been givo 
(though not in the inventor's words,) which might have conveji 
some idea of the mechanism or construction of these machines, Th 
term is used by the inventor, as well as instruments. We ar 
however, humbly of opinion, that from what has been said of Pei 
nington's sector, and also of the sliding scale, that they come as nei 
to the purpose as those of M. Le Cerf. And taking sizes even I 



TBB PKHDULUlf, LAW OW FALUITG BODIKf, <&e. ISl 

(he teeth and spaces on a wheel, for the size of a pinion, eveiy in- 
tdigeiit workman knows what aUowances are to be made, according 
as ftui wheel is to give a more or less number of revolutions to the 

• • 

pgUQQi 



CHAPTER VL 

(k PmAduma; the influence of gramty on them at different farts of 
ik Gkhe, compared toith the influence of their iuspennon'^pringa by 
dmgea of temperature^ ^c. ^€» 

Tbk motion of the pendulum is intimately connected with the law 

offiEng bodies. Early in the seventeenth century, Gallileo observed, 

thtabody, when lefl by itself to fall, the spaces it descends in equal 

tines will increase as the odd numbers, 1,3, 5, 7,9, &c., and, when 

inmn up by any force, the spaces gone through in ascending, decrease 

a Ab same way, nor wiU it begin to fall back till it has completed 

0HCi ike last number in the decreasing progression. Suppose the lino 

A K, Fkite in. No. 12, to be a perpendicular height divided into 

16 eqed parts, each of which to represent a space, equal to that which 

t Ukg body goes through in the first second of time when descend- 

i^i fnm experience and demonstration, this is found to be 16 feet 

1 Ubi and a small fraction of an inch more : takmg it for such ag 

memed from A to B ; in the next second of time it (alls from B 

tb C,a space three times that of A B ; in the third second, it falls 

AomC to D, which is five times that of A B; and firom D it falls to 

Ei lefen times the length of A B, in the fourth second of time. The 

apara of the times is proportional to the spaces descended by afalling 

Mf; for example, m falling firom A to E, the time was four 

neonds, and the space descended 267.438 feet, being the product of 

16 feet 1 inch, and .079 of an inch, multiplied by 16, tiie square of the 

Ibe of falling. From A to C it falls in two seconds, the square of 

vUeh is 4, and 16-iVx4 = 64 feet 4 inches, the length of the space 

deneoded. 

It can be shown, that the square of the diameter of a circle is to 
Ae square of its circumference, as the length of a pendulum is to 
douUe the height fi-om which a body falls during the time of one of 
its vibrations. A pendulum which vibrates seconds, being in length 

16 
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39.126 inchesv it can thence be deduced firom what hsi^ a heavy 
body will fall in one second of time. Let 113 be taken for the diar 
meter, and 356 for the circumference of a circle; then, as the sqnaio 
of 113 is to the square of 355, so is 39.126 inches, the lengdi of a 
seconds pendulum, to 386.158 inches, the half of which is 193.079 
inches, or 16 feet 1.079 inch, the space which a falling body will de- 
scend in one second of time. By taking 19.563 inches, the ludf of 
tiie length of the seconds pendulum, the same result is more direct^ 
obtained ; that is, as 12769 : 19.563 : : 126025 : 193.079 — 198.079 
inches is the height from which a heavy body will descend (or ftU 
through), in the time of one vibration of a second's pendulum ; the 
length of this pendulum may be found by the following proporiicMiv aa 
126025 : 12769 : : 193.079 : 19.563, and twice 19.563 « 39.126 incb- 
es, the required length of tiie pendulum. If a pendulum makes two 
vibrations in the time that a heavy body takes to &11 198.079 
inches, its length may be known as thus : The square ot two is four, 
by which divide the length of the seconds penduhun, and 9.78 inchea 
is given for the length of the other pendulum. The second's pendulum 
being shorter at the equator than in the latitude of LoodoDi a heavy 
body there will fisdl through a less space in a second of time ; at die 
pole it wiU &11 through a greater space, the length of a seconds 
pendulum being greater there. The force of gravity at the equator 
being to that at the pole, as 144 to 145. As they qiply to this aokject, 
the following are some particulars of an astronomical clock made by 
George Graham, and sent in the year 1731 out to Black River, in 
the ifiJand of Jamaica, in the latitude of 18<^ north : The clock wei^ 
that keeps the pendulum in motion is 12 lbs. 10^ oz. and is to be 
wound up once a month. The weight of the pendulum itself is 17 lbs. ; 
and during the time that the clock was compared with the transits 
of the star Lucida Aquilse, it vibrated each way from the perpendicular 
1^ 45'. The magnitude of the vibrations was estimated by means 
of a brass arch, which was fixed just under the lower end of the pendulum 
rod, and divided into degrees, &c. August Slst, Mr. Graham took off 
the wei^t belonging to the clock, and hung on another of 6 lbs. 
3 oz., and with this weight the pendulum vibrated only 1^ 15' on each 
side, and the clock went slower 1^ seconds in 24 hours, than when 
its own weight of 12 lbs. 10^^ oz. was hung on. On comparing 
the vibrations, it appears, that in one apparent revolution of tl» 
stars, the clock went 2 minutes, 6i seconds, slower in Jamaica than 
in London ; deducting therefore 8i seconds, on account of the greater 
heat in Jamaica there remains a difference of 1 minute 58 seconds* 
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windi most necessarify arise. Without entering into the dispute 
tboatAe figure of the earth, Mr. Bradley at present supposee, with 
Sir Umc Newton, that the im^^ase of gravity, as we recede from 
(he equator, is neariy as the square of the sine of the latitude, and 
that Ae difference in the length of pendulums is proportional to die 
aggmentation or diminution of gravity. 

On diese suppositions, Mr. Bradley coUects fit>mthe above men- 

tionad observations, that if the length of a simple pendulum (hat 

iwingB seconds at Londcm, be 39.126 English inches, the lengdi 

of one at die equator would be 89.00, and at the poles 89.206. And 

Mncting from the alteration, on account of different degrees of 

iMit, a pendulum clock, that would go true under the equator, will 

pm 8 minutes, 4Si seconds in a day at die poles ; but die num- 

b« of seconds that it would g^ in any other latitude would bOf 

toSflumitos, 48J- seconds, neariy as the square of the sine of that 

hfade, to die square of the radius ; ^riience it follows, diat the num- 

hr of seconds a dock will lose in a day, on its removal to a place 

aenv to the equator, will be, to 8 minutes 48j- seconds neariy, as 

it iflbrence of die squares of the sines of the respective latitudes 

iito the square of the radius ; for example, the latitude of London 

ii SV" 81', die sme of which is 7828, and die latitude of Black 

Im 18^, die sine of which is 8090, — the difference of the squares 

tf iMe sines is .6173 ; then, as 1.000 : .6178 : : 8 minutes, 48j- se- 

touk 1 1 minute 68 seconds, — ^the number of seconds that the 

ckiek lost in a day at Black River. See PhUosophiettt TVtmiocltoiM, 

i«> 1734, No. 432. A pendulum keeping mean time at the equa^* 

toi^iriD go faster as the degrees of latitude increase, as exhibited m die 

Vkmmg 

TABLE. 



Latitude. 


Seconds (gained bj a 
clock m a day. 


Additional length required 

to correct the error in parts 

of an English inch. 


6 


1.7 


0.0016 


10 


6.9 


0.0062 


20 


26.7 


0.0246 


30 


67.1 


0.0616 


46 


114.1 


0.1033 


60 


134.0 


0.1212 


66 


160.2 


0.1386 


60 


171.2 


0.1649 


76 


213.0 


0.1927 


90 


228.6 


0.2066 
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Hw latiUida of Edinburgh being 66^ 56't the sine of which is 
•8284« and the square .6862, the difTerence of the squares of the smoa 
of the latitudes of London and £dinbui||^ is .0735, giving 16.79 
seconds that a clock would lose in a day, on being removed fran 
Edinburgh to London. As 1 : 0735 : : 228.5 : 16.79. 

The rule given here may be an approximation to the time that a 
clock ought to keep according to the latitude of the place. To show 
that it is only an approximation ; two clocks, one of which kept si- 
derial time, the other kept mean time, each with great exactness at 
Edinburgh in the year 1818, on being sent to London, every precai»- 
lion was used, that nothing should tend to affect or alter the pendu- 
lums ; the siderial clock lost about 18 seconds a day there, and the 
mean time clock lost about 21 seconds. It has been stated by some, 
that the gain at the Pole would be 5 minutes a day. Captain Phipps, 
in his voyage towards the North Pole in 1772, tried the going of a 
seconds pendulum, which had been long before that fitted up by Mr. 
Geoige Graham to vibrate seconds in London, at the temperature of 
60°. The trial was made on a rocky island in latitude 79<^ 50' north. * 
And iki* Pendulum was found to accelerate from 72 to 73 seconds 
a day. The difference of the squares of the sines is .3559, and by 
the rule gives 81.28 seconds that should have been the gain in a day. 

Ci^ytain Kater, who is eminently qualified to make experiments 
with the pendulum, went for that purpose, in 1819, to Unst, one of 
the tnost northerly of the Shetland isles, in latitude 60^ 44', where 
he found it to have 36 seconds of acceleration in a day, on the mean 
time which it kept at London. 

The sine of 60^ 44' is .8723, the square is .7609, the difference is 
.1482, and 228.5 X .1482 z= 33.86 seconds. 

228.5 log. 2.3588862 

.1482 log. 9.1708482 

33.86 seconds. log. 1.5297344 

On this subject there is a very able and ingenious paper by Captain 
Warren, given in the eleventh volume of the Malic JUsearches^ 
which see. 

It is well known, that if a body P (Plate III. No. 13.) in place of 
descending vertically, is made to roll down on an inclined plane P S, 
when it arrives at S, it will have acquired the same velocity as if it 
had fallen in the perpendicular line P R, but afler a longer time, and 
if from the point R a line is drawn perpendicular to the inclined plane 
P S, the space P T will be that which the body P will roll down in 
the same time that it would have taken to fall down the line P R. 



THB miDUIiUlf, LAW Of f ALLIMQ BOBIll, &C. 1S6 



In a semi-Circlet such as A G C, No. 14, if firom a point 6 or g wfaer- 

erarplMed in the drcumference, lines A 6 and 6 G, or A g and g C, 

are dmm fiom the extremities of the diameter A C, a body falling firom 

A to 6 OD the inclined plane A 6, or from 6 to C on the inclined plane 

G CwiD &11 always exactly in the same space of time that it would have 

(akeo to fid along the vertical line or diameter A G ; the same will be 

Ae case oa the lines A g and g C. 

nsflinq^ pendulum G M, No. 16, in its state of rest, takes the 

vertical line C £, because it cannot &11 below the point £ , when drawn 

ladafiom £ to M it will be raised up to a height equal to H I, F M, 

. «E Df called die versed sine of the arc £ M ; falling then firom M to 

Elk win accelerate its motion according to the observed law of falling 

beies; arriving at £, it will have acquired a velocity ci4>able of raising 

ittothesame height, it will then go as far as I, and will describe the arc 

SI; dieae two arcs, or two half oscillations, form one oscillation, or 

«»«Me vibration. 

If &e vibrations are very great, diey will not be isochronal, that is, 

%win not be performed in equal times, should they be a little enlarged 

flribnBhed : for the oscillation which shall begin at K will be sooner 

fflBpletad, than that which shall begin at M, the arc being longer, m<Hre 

iM win be required to describe it But if the vibrations are very shorty 

aoehaa one or two degrees, the arcs will be almost equal to their chords, 

wUHBSt be easily seen. The chords 6 C, g C, No. 14, are always 

fiOn tboii^ in equal times, and so will be their arcs, at least they will 

ka aoBBwiiat very near to it 

A moflLe pendulum is understood to be a heavy body, conceived 

lobeiaMie food point, M, No. 16, and suspended to a point G by an 

ndanble line G M, supposed to be without wei^t, and without re- 

■etanrri, either firom the point of suspension G, or firom the volume 

of Aa air through which it vibrateeu The compound pendulum is 

liial, where several bodies are considered to be fixed on the line G M ; 

X^ far example, in place of supposing the mass of the body M to be 

wholly in one point M, we suspend a heavy ball, whose semi-<iiameter 

is H 6, or that the line G 6 has itself a certain weight, or that there 

•re two weights A G, on the line S G, as in No. 16, the pendulum will 

be a compound one, because its weight is no longer in one point, but 

is found distributed on different parts of the rod, or on the diameter of 

IhebalL 
Ahbough a simple pendulum, (like mathematical Unea and points 

flMjf be defined^) yet no such thing can exist in nature ; on the con- 
trary, all pendulums that are made use of, have a weight distributed 
on difierent points of their length; yet in calculation it becomes re- 
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quisHe to reduce them to the aimp/e hmd. The nearest qiproidiiia- 
tion to it may be a small baU of lead, gold, or platinum, snqwoded 
by a thread of the finest silk, or by a filament of a specioB of aloe, 
which is extremely light, and not afiected by drought or niDiatine. 
Suppose a pendulum S G loaded, not only wiA one wei^it, but wUt 
two, (or a greater number,) such as A and C, so ttat each of dieee 
weights is considered as reduced toapomt; it may easfly be seen, 
that this new pendulum will make its vibrations fiister, than if ithad 
only the wei^ C, because the weight at A tends to make ita iribrft- 
tions wiA the same precipitation as if the pendulum had oidj the 
length S Af wbaxAk is much shorter ; and it, on the odier hand« is m 
part retarded by die weight C, which cannot make its vibrations, bat 
with the slowness that the long pendulum S C requires; dnu die 
compound pendulum will neither be isochrone with the pendnhmn B €» 
loaded widi the weight G, nor with die pendulum S A, loaded widi die 
weight A, and its velocity will hold a mean between both, and wiD be 
isochrone only with another simple pendulum S D, whose lengdi most 
be sought. 

The point D is called the centre of oscillation, or centre of fmca^ 
sion of the compound pendulum ; thus the centre of oscOblioii D 
is the point where all the weight of the body which oscillates might 
be brought, without changing die time of the vibrations. It is also 
called the centre of percussion, because it is the point vriiere the 
whole effort combines, where the percussion must be the strongest, 
and where all the parts would remain in equilibrium, if the pendulum 
should be stopped at this point; supposing that the point of sue- 
pension produced no resistance, and became free at the moment of 
percussion. As the weights A G are combined together, and cannot 
move one without the other, it follows that each of the weights will 
distribute its effort, and will communicate it to all the othets in pitK 
portion to their mass, and to their distance from the point of snapeo- 
sion S. Thus the velocity of the entire body will keep a mean, 
between the velocities that the different parts would effect sqmr 
rately; consequentiy there will result from it a common effort, 
that will maintain the mean between all the others, and this effort 
will be exerted at the point D, as their common centre ; so that, in 
any other point that should be higher up, the upper parts would act 
more than the under ones, and in any other point that should be b^ 
low the centre of oscillation, the under parts G would act more d i»> i i 
the former ; the centre of oscillation is then the only point on vi^iich 
all the parts act equally, during the vibration of the pendulum, when 
going to mean time. And, dierefore, to find die centre of osdHatioo 
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D, muhiplj each of the weights hj the square of its distance from 
the point S, add aU these products together, and also the products of 
eadi of die weights hj dieir distance from the point S, and divide 
tbe fiiat aom of the products by this new sum, the quotient will be 
die lengdi sought S D. Su[^pose the length of the pendulum rod 
from 8 to the point C, 42 indies, and to die point A, 36 inches, the 
wojgfalB A and C 8 lb. each. Finding the length S D by this rule, 
it wiD be ghren a htde m<Mre dian 89.2 inches. The more elaborate 
eakoiationi tor this purpose, known only to those yibo have practised 
mdw higher branches of mathematics, come not within die plan pro- 
posed for diis work. 

42X42X8» 14112 42x8»836 

86x86x8—10368 36x8—288 
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It is wefl known that a clock, when going either too fiist or too slowy 
ia cometed by the letting down or raising up the ball of the pendi»- 
fann* or« in common language, by the lengthening or shortening of the 
At the time of thid operation, few of the practical artists 
think of the determined or fixed point of the centre of oscillationy 
mean time can only be produced ; and touching the pendulum in 
dss way» 18 actually no more than to arrange or bring aU the parts which 
fiMrm its BMBB, to combine their efibrts at this point, (or centre of osaDar 
tioBf)soaatogivedietime required. 

To aoatbematicians it is known, diat die centre of gravity in a pendu- 
Ism BMit be above the centre ofosciUation, the latter being a fixed point* 
fts cdMf not BO ; but in common, both are above the centre of the ball ; 
yet penduhuns having a small or slender rod of metal, such as brass or 
ipOBt or of wood, like m^iat is used in ordinary clocks, will come very 
aesr die clock-maker's purpose, when making his pendulum to a length, 
hf setting off the centre of oscillation, then bringing near to it the cen- 
tis a[ gravity. For this purpose the pendulum is laid across an edge, 
d» edge of a knife for example, in order to bring it more readily to an 
eqnOibiiQm, which is done by means of the regulating nut and screw, 
the ball more or less distant from the edge ; this determines the 
or centre of gravity. The pendulum ball may thus be brought 
to its place, that when regulating the clock, little more will be af- 
tanvards requhed, as it will be found going at or veiy near to time. Were 
things attended to, pendulums would be better formed, and much 
saved. 
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The centre of oscillation is understood here^ to bea point on A 
seconds pendulum rod or baU« measured off at 39.2 inches from tb 
point of suspension, (or rather 39.126 inches, but the former ib pei 
hajp8 easier, and any of them is near enough for the purpose,) or fioa 
that point where the pendulum spring bends when the pen du l u m v 
brates* With pendulums having .heavy balls and con^Knmd rod 
such as the gridiron, or zinc tube pendulums, or even the mercuii 
one, with its slender rod, it becomes a veiy intricate cakulatioD i 
the science of Dynamics, for which few are competent, to get d 
exact place or point for the ball, or that of the centre of gravity fi 
the pendulum, as shall co-operate with the centre of oscillation ; vi 
rious and minute circumstances will contribute greatly to affisct the rail 
tive situation of these points, and none more so than that of ibe pendi 
lum spring, according to its strength or thickness ; as will afterwan 
be shown. 

On this subject, see Monktcla^a Hiataire de$ Matkimaiiquuj Ion 
second, Jirticle IIL p. 421. The preceding was, however, written b 
fore we had an opportunity of seeing Montucla. 

What the relative situation of these centres were in #ome of our pei 
dulums, shall now be stated for the information of those who vmy tak 
an interest in a subject so curious as this is. 

A wooden rod pendulum, weighing 10 lbs. 10^ oz. of which d 
ball was 10 lbs. the centre of gravity was .8 of an inch above tl 
centre of the ball, and .7 of an inch above the centre of oscillaticx 
Another pendulum of the same kind, the ball of which wei^ied 7Ib 
13i oz. the rod, regulating nut, steel wires, brass mounting, and pei 
dulum spring, Hi oz. ; the centre of gravity was above the centre < 
the ball 1.5 inch, and above the centre of oscillation 1.35 inch. One • 
this sort, whose ball, regulating nut, and socket, weighed 9 lb. 2-} ozi 
the wooden rod, with the regulating screw fixed on it, the brass moon 
ing on it, pendulum spring and top piece, 6 oz. 2 drs. ; in all, 9 lb 
8.875 oz., the thickness of the pendulum spring .006 of an inch, tl 
centres of the ball, and that of oscillation nearly coincided at 39.2 inche 
the centre of gravity was about .8 of an inch, or a very little higher aba 
them. 

A gridiron pendulum, the ball of which weighed 16lbs. 3iin 
and in all, with the rods, 19 lbs. 9i oz. The centre of gravity w\ 
4.75 inches above the centre of the ball, and 2.42 inches above tl 
centre of oscillation. Another pendulum of this sort, the ball wei^ 
10 lbs. 8oz., and the rods, &c. 5 lbs. 13 oz., the whole 16 lbs. 5 o: 
The centre of gravity in it 7 inches above the centre of the ba 
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4 mches above the centre of oscillation. A zinc tube pendulum 
ai Um. 15 02., of which the ball was 18 lbs. 7i oz- Tte 
of gravity above the centre of the ball about 2.63 inches, atid 
centre of oscillation 1.53 inch. A penduhim after War^ 
plant tin zinc and steel bars, &c. weighed 2 lbs. 13i oz.v the balllS 
18 OB.V in all 15 lbs. lOj- oz. The centre of oscillation was above 
oentie of tiie ball 1.55 inch ; the centre of gravity had been oimt^ 
«ied to be taken. 

A meiciirial penduhim, inMch weighed in all about 14 lbs. 2 q«.; 
tlie oentie of oscillation in it was 4.75 inches above the sole of the 
.jar; the cc^umn of mercury ^'as dl>oult e.75 ihches, of whidi near to 
^bor inches weie below that centre. 

Veler Le Roy thought it possible that the penduhun spring of a clock 
tiii^ be 80 formed, thai the long and the short vibrations should be 
poiftfaled in equal times. S^e his Jifemotre, page 15^ at the end of 
^ Voft^faUpmr Ordre du Roi, en 1768» pour ejpr&w>& U» Monirti 
MKfimimfmUu par M. Le jRoyv Pan»h 1770.*' This is exactly 
whit was snggMed long a^ by our countiyman John Smitfat GM^ 
flie Us Harologieid DiiqukUumi^ p. 48. Liondon, 1694. BerAond 
ippena to have some time afterwards tnken up &e same ofHuion* 
bMi SufpUment au TraiU det MotUres a Longitude^ Paris, 1807) he 
nyiip. 38, ^^CM8termm(Bronsce$^oie$enolaenaniquekimie^^ 
mort Hem e&nalrmU tend A rendre isochrones les oseillaUona dependlde*^ 
Waatebmnbly of opinion that this is not to be obttined bymeeHs 
tf te penduhun spring, unless the pendulum is made to vibrilte 
iqpr taces than would be consistent with good time-keeping. Butt 
)ijr>«ideavoring to obtain isochronism in the way alluded to^ it nugr 
be MJredi wheidier the penddlura should be left in any degree undei: 
Im inflnence of the pendulum springy, whibh'in this case would of 
cnne take away somewhat of that influence which gravity must nsh 
isally have on the pendulum ball ; or by keeping the penduhun 
spring no stronger than is requisite to sustain the penduhnn properi|rf 
and to aHow gravity to have its influence as freely and independenOy 
as possible, seems to be a question that appears should be decided in 
finror of allowing gravity to exert its utmost influence and force. 
This Conclusion is founded on an experiment which we made a few 
years ago with a wooden rod pendulum, the ball of which weighed 
ton pounds, the pendulum spring was about .016 parts of an inch 
diick, three quarters of an inch long, and nearly half an inch broad* 
This pendulum, previous to the said spring being applied to it, had 
one which was a httle thinner, and much about the same length and 

17 
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breadth* and with it, had been going for some time at a clocks wliichy 
afler being regulated, kept very close, and extremely near meaiL 
time. The clock 'scapement was of the spring* pallet kind, the Bama 
m represented in Plate VI. No. 35. During the time that the mo- 
tion of the pendulum was kept up with the clock by the force of tha 
pallet springs, the arc of vibration described on each side the point of 
rest, waQ very little more* than two degrees. The pendulum remaiiH' 
ing in its place, having the same length as before, (and the clock 
with its 'scapement being detached from it,) was then made to vibrate 
an arc of two degrees and a half on each side the point of rest} in eight 
minutes it lost one second ; and on being made to describe an arc of 
one degree and twenty minutes on each side, it lost also one second in 
the same space of time : one second in eight minutes, would, in twenty- 
four hours, be equal to 180 seconds, or three minutes, slower (in that 
state of the pendulian) than when coimected with the dock and 
'scapement Had the pendulum spring been made thinner, or of such 
a strength as properly to support the pendulum and a little more, the 
arc of vibration would have been greater, when the pendulum was 
impelled by the 'scapement or pallet springs, consequently, fixun the 
greater extent of the arc <sf vibration, the clock would go slow ; to 
correct which, the ball* would require setting up : Hence the time in 
the detached state* and that when coimected with the ^s cape m ent, 
would have been more nearly equal, from which it appears that the 
pendulum should be more under the influence of gravitation, and less 
under that of the pendulum spring. When the thicker spring was 
put to the pendulum, the influence of it was such, that before the 
clock could be brought to time, the pendulum ball was obliged to be 
lot down about an inch. There are some 'scapcments which have a 
tendency to retard the vibrations of the pendulum, others to accelerate 
them ; a moderate recoil, or a dead beat, are of the first sort ; those 
which are composed of springs, or which have a considerable recoil, 
are of the last It would be a good criterion of a clock and its 'scape- 
ment, if the pendulum, when tried in the detached state, should per- 
form its vibrations in the same time as when attached to the clck;k; 
but it is a painful and tedious task to count the vibrations of a de- 
tached pendulum for an hour or two, and any artificial mode 
of ascertaining the number might ultimately prove an unfair triaL 
Calculation for the length of pendulums being founded on their vi- 
brations, as exhibited in their most simple slate^ when strong springs 

* Ball, or Bob, of a pendulum, is a general name for the mass or weight applied 
near to the lower end of the rod, without any regard to the figure, which is coi»* 
monly lenticular ; it may be globular, conical, two frustruins of cones, &c. &c. 
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put to them, so much additional length of rod is requiredt (hat 
dock-maker is oflen sorprised, and put to some trou'blei bj ibef 
vjuiforeseen consequences that result from them. 

Berthoud made some experiments to see whether the knife pivotr et 
^spring suspended pendulums in a detached state> would longest nudoh 
'Cain thdr vibrations, and found them in favor of the foitner ; hence 
lie conchided that the edge or knife pivot was the better suspensioti ; 
but this was not a fair inference, at least it was oot an infei^nce thai 
perfaape time would have warranted In time, the friction of- the 
knife pivot gets so much increased by its wearing, and that of di^ 
iroove in which it acts, particularly if the ball should be ^eaVy, and 
tbe aemi-arc of vibration more than a degree, or if even so much, that 
die former superiority of the knife pivot over that of the fipring 
vonld 0oon be at an end. He did not afterwards acknowledge tbi^ 
openly, but his tacit acknowledgment is sufficiently strong, by adopt- 
ing at last the pendulum spring as the better suspension, and Hanrii- 
scMfa gridiron pendulum as the best mode of compensation. It must, 
be observed, that Berthoud had compensation penduluips fitted up jn 
vanous ways, some of them nearly like to that of Harrison's. Since 
these ei^riments of Berthoud's were made, a veiy beautiful con- 
tmranoe has been adopted with tbe knife pivot, which is, by making 
the groove look downward, and the edge upward ; this prevents dust, 
when &lling, from lodging or getting to the inside of the groove. 

It lias been said by some ingenious philosophers, that the /notion 
of a pendulum must be affected by different densities of the atino* 
apbere, which certainly is a circumstance very reasonable to suppose, 
and&ture experience or observations may yet be brought forward to 
flhow the result or the effects of these on the pendulum. Indeed, 
duB has already in some measure been done by Mr. Bittenhouae, an 
cninent Swiss residing in America, who says, '' that a change in the 
barometer, from 28 to 31 inches, will make an alteration in the going 
of a good astronomical clock, to the amount of half a second in a 
day,** an error or change of rate that cannot be calliod great, consider- 
ing that the whole range of the barometer is required to produce it : 
tfaeiefore, any partial change, even that of an inch, we may suppose^ 
cannot greatly alter the rate of the clock. To compensate these ef- 
fects would be a very difficult matter, in whatever way it may be 
done, whether by the pendulum, or any sort of nxechanism put to the 
'scapement, because any difTerence in the extent of the arcs of vibra- 
tion, arising solely from this cause, must nevertheless be extremely 
amall, at least so we suspect ; and this is greatly confirmed by the 
fonall difierencc that there is between the length of a pendulum vi- 
brating seconds in vacuo and in conynon air, as late experiments 
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xaake the leqgth of a pendulimx vibcatiiig aecMids m vacuo m tka 
latitude of London to be ..... 89.18Sd mches^ 

Desagulier states the length of a seconds pendulum 39. 128 
Others have it - ...... 39.126 

By trials at Edinburgh to get the lengthy we made it - 39.192 

In our calculations it was generally taken at - - 39.2 

For the clock-maker's purpose« any of the lengths may be taken, an^ 

the results cannot materially differ. 

Mr. Rittenhouse's contrivance for correcting the error caused by 
the different densities of the air, is a large, hollow^ and light baU^ 
placed on the iqiper end of the pendulum rod, in an opposite diieo- 
tion to that of the pendulum ball ; of this we can say nothing, hav-. 
ing had no experien^ of it There are other causes which affiact tiia 
extent of the arcs of vibration, of a more powerful nature than that 
of dunges in the densities of the atmosphere, and these are, odd in 
winter, and heat in summer, which will operate on the pendulum 
spring in such a manner that the vibrations in summer will be Icmger 
than those in winter, making a difference perhaps of three or four 
minutes, or more, of a degree. Any changes, however mudlf on the 
strength of the pendulum spring, will be easily perceived on Ae ex- 
tent of the arcs of vibration, whether arising from differant tem- 
peratures or different thicknesses. Cold in winter will stiflfan it 
or make it more rigid, and summer's heat will relax it The same 
causes .ought, and must inevitably produce the same efiect cm the 
pallet springs, but the body or mass of the pendulum spring being 
so much greater than that of the pallet springs, the impression or 
effect of heat and cold on f7, is in a ipucb greater ratio than it is on 
them. And this ratio will increase according to the thickness of the 
pendulum spring. The short arcs in winter must be attributed to the 
increased tensity of the pendulum spring from cold, and, when relaxfid 
by the heat in summer, allows the pendulum to vibrate to a greater 
extent A clock having the spring pallet 'scapement, or any 'scape- 
m^nt with a spring suspended pendulum ; compensation pendulums for 
such, must be made not only to correct the lengthening or shortening of 
the rod from changes of temperature, but the compensation must be made 
so much in excess, as to correct the long vibrations of summer, and 
the short ones of winter.* 

If, in place of a pendulum spring, we adopt the knife edget for 

'*'Ab platinum is less afTected by changes of temperature than steel, it might be 
an improvement to have the suspension spring of that metal. 

t Knife-edge implies a sharp instrument, but is here merely a technical term : 
when used to carry a heavy pendulum, it is formed like a short wedgo ivith a long 
fidge, the sharp aagfc of ^hiph \b roui^dod offa Uttle, or blunted in a small dcgrM, 
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the pendnhnn to vibr^le co* it will not have die same causes of error 
from changes of temperature which took place with the penduhnn 
flpring, but theie still must be a smaD difference in the arcs of vilnraK 
lion, aiising from the effects of heat and cold on the pallet springs,, 
and irindi will be shown in a contiaiy way to those where a pendu- 
kan spnig is used : nothing but heat and cold can qienite on the 
kagth €f the rod of a penduhnn vibrating on an edge» yet the cold 
JD wiDler win make tibe pallet springs a htde stiffer ; by 4iis tfaey will 
pot Bioro forcibly on the penduhnn, and cause it to vibrate a litde 
mm <jnL On the other luoid, the heat in summer will rdax thetBt 
iliBh consequently will lessen die arc of vilmition. In the case of 
i» 9faDg suspended pendulum, the compensation was requned to 
ke ineBKess, as has aheady been mentioned ; and in dns of die pen- 
dobB acting on an edge, the compensation for heat and cold on the 
jwrfiiiim rod must be made a litde deficient, the increased length 
flf IhssBe in wmter, and the decreased arc in summer, supplying what, 
in the compensation. It would be a "very diifficult matter 
that'sliength of pendulum spring which would support 
a iws ii l i iliim properly ; the strengdi riiould in some degree be propoi^ 
tioMbfe to die weight of the ball, because, if they are toa thin, and 
CB getting a litde relaxed by heat, die weight of die ball may be so 
as to <qppose the spring contracting on a return of cold ; if they 
diick, then the bad consequences which have been previousl]^ 
sliowB will ensue. Tet there are artists who have said, diat a peiK 
Mam spring mig^ be made as thick as the twentieth part of an^ 
or more, if you will ; diere was certainly no knowledge of tbo 
displayed in saying so. When the weight of a penduhnn 
bal lUBsfrom teqto twenty pounds, the diickness of the pendulum 
sfiHig may go firom .008 to .016 parts of an inch ; not diat these are 
ftBid points, and are by no means given here as such, but they are neaiw 
If about die thickness of those pendulum fi^mngs nAach we have been 
in Ae practioe of makmg use of. It is a cmious enough circumstanoet 
that when a pendulum spring is poliriied down to any gage for its 
iiiiknms, it will not go into the gage aAer being blued, getting 
on it| by this process, a coat of enamel, which adds bodi to its 
^ackness and ekuitidty. It is well known to wateh-maken, that aAer 
watch pendulum springs are blued, their elasticity is so much increased^ 
that watehes, wheir going at itime with them in the white state, are 
now found to go much fiister than before : there is no doubt a coiumU 
enUe difference in the time k^t, would be seen between the white and 
bine state by such a change m the pendulum spring of a clock, was the 
^aqieriment prc^i^ly tried. 
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M. Le Roy, in hia Jlf emotrey which has been ahfeady quoted* men** 
lions an experiment he made with a spring fitted up expressly for the 
purpose of seeing the effects of change of temperature, which he 
placed in a horizontal position: one end being fixed, on the other a 
weight was suspended, which fell or rose from the spring getting heat 
or cold, and the changes of temperature were seen and pcmited out 
by a long index on a graduated arch ; for the first six months the 
changes were obvious, and became aflerwards gradually less so ; die 
weight during cold being up a little way, then, on applying Bome degree 
of heat to the spring, the weight came down, and did not again return to 
its former position ; perhaps the heat applied may have been greater thm 
the heat of our atmosphere in the warmest summer. This experiment* 
however, serves little for the purpose of clock pendulum spring the 
circumstances being no way similar. 

Having shown that the effects of temperature on spring palletB* and 
on the pendulum fipring, may be compensated by an excess of compel^ 
sation in the pendulum rod ; yet should this, to some, be unsatis&ctoiyy 
other means shall be pointed out, where changes of tempentue 
can have no place except on the pendulum rod. In those 'acapements, 
such as the common recoil, or dead beat, where the penduhmiB are 
suspended by a spring, still the effects of the change of temperature 
will take place on the pendulum spring, though this change does not 
appear to have been observed; where a compensation pendulum is 
used, these changes might have been either compensated or overiooked, 
or the effects of them so little, that they could not be well ascertained. 

Let then a pendulum be suspended, so as to act smoothly and freely 
with a groove, moveable upon a weU-finished and fixed edge, the 
groove being uppermost, and in place of spring pallets to have small 
balls, that shall, cu in J)fr, Cumming^a tcai/j be impeUed by grovtiy 
alone when giving impulse to the pendulum, which in the same lati- 
tude must constantly have the same force, and cannot be influenced 
by any change of temperature, (any influence on the arms of the balls 
is too trifling to take into account,) consequently, whatever errors 
were attributed to the clock, arising from changes of temperature on 
the spring pallets, and on the pendulum spring, would be completely 
done away by adopting the knife pivot, and making use of gravity to 
keep up the motion of the pendulum. 

But it is very doubtful, if greater errors might not come in, and 
take place of the former, (nay, it is even probable they may,) arising 
from the friction, and wearing of the edge and the groove, and also 
from the slow progress or motion of the balls when falling ; or when 
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■raisedf the swing wheel could not be so safely locked with a nib^ or de- 
tent of that shortness which the spring pallets will allow ; and, at all 
events, it would be requisite that the arc of vibration of the pendulum 
should be veiy limited, in order to lessen as much as possible the fric- 
tioQ and wearing of the edge and groove ; forty-five minutes of a degree 
on eadi aide the point of rest, would perhaps be as much as the pendo* 
lum could be allowed to vibrate, and this might be even too much, if ths 
ball was dtk considerable wei^it 

Mr. Cmnming, in his 'scapement, has the force of gravity applied 
directly to the regulator, or pendulum itself.* The balls v^re this 
IbiOB is generated, are raised up by the swing wheel teeth. When 
doing so, tbey raise the balls at once nearly up to their maximum of 
hfl ig ^ and at the time of unlocking, the force of the pendulum is so 
ranch gone, that little more is left than barely to unlock die wheel, 
any hei^ given beyond that to which the wheel raised them being 
eztremely trifling. In place of doing so, and although we propose 
likewise dnt the swing wheel teeth shall raise up the balls, yet our 
—J^^J^e is to take place at a time when the force of the pendulum 
is aft its greatest, wbich by this means will cany the balls on to a 
still greater than that to which the wheel teeth had raised 
and tkey vfiU^ on the return (^ the pendulum, impel it with a 
Jenm derived joindy from that of the pendulum itself, and from the 
awing wheeL A small number of grains, Troy, at any of the points 
€f the swing wheel teeth, when in a horizontal position, would hold 
the wheel in equipoise, but the number will depend on the length of 
tiaia the clock is made to go without requiring to be wound up. A 
ray small force then appears to be sufficient to keep a pendulous 
body in motion when once put into it, but to bring it aside from a 
of rest into this, requires comparatively a great force, which 
at first be applied, as no dock can of itself begin, or give mo- 
tel to, or set its pendulum a-going. In place of ihe balls being on 
pnjecting arms, let them be placed immediately behind the pallets; 
it is presumed that this will make the locking safe, and widi detent 
nibs rather short than otherwise. The common arbors of the pallets 
ad detents, though concentric with the verge pivots, and with the 
motion oi the crutch and anchor, have their pivots to run in small 
cocks, which are fixed to strong ones, such as what the spring pallets 
were fixed to ; by this means, the pressure of the swing wheel teeth on 
the detents, will have no interference with the motion of the verge 

* The force of gravity, as well as of springs, was very early used in clocks, by 
vty of an auxiliary to the 'scapement, but not in so direct a way as has since been 
dene. This piece of mechanism is by some called a Remontoir, 
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^and pendulum during the interval of rest, as k die case in Mr. CunnJ^ 
Dung's i^an, idiich, however small or great the resistance may be 
arising from it, is here removed : a drawings and a more detailed de- 
scription of diis 'scapementy wiU afterwards be given. No^, the whole 
of what has been pointed out, we are humbly of opinion, appears to 
be an in^roved kind of 'sca^iement, where the gravity of baUa aie to 
keep up the motion of the pendulum. 

Although it has been proposed to remove the objectioos ttat may 
be made to the pendulum spring, and the pallet springs of a dock, 
by adopting the mode of making the pendulum to vibrate on an edge» 
this end may likewise be attained, by making the pendulum to vibnute 
on and between fiiction rollers, which is perhaps the preferaUs wwf 
of the two. Suppose two large roUers to be fiaied on a strong alael 
arbor, the distance between them one inch* tibe large one tfarae 
inches in. diameter, thickness one ^quarter of an inchf two of 
which are fixed on the same aibor, placed about an inch fiom each 
other, that is, die space between them one inch; tWo aibon annm 
in the same fi!ame, with that of the aibor of the large ndlent oach of 
these arbors, have also two rollers fixed on them, die diamelon, two 
inches, and thiokneas.two tenths of an inch, placed at suchaAteiioe 
from each other aa. to go outside of the large rollers, and aB of Ibam 
to have at the same time proper freedom. In a line perpendksnlaily 
\ip from the centre of the large rollers, the pivots of a strong and dack 
steel arbor, lie across on their edges, and the centre of the small 
rollers being placed in a line horizonlal to the upper edge of the laige 
rollers, or rather to that of the centre of the pivots of die strong m^ 
bor, the pivots of the strong arbor are kept to their places by means 
of the edges of the small roUers* Projecting from the middle of die 
strong arbor, and at right angles to it, are fixed two stout pivots* over 
which the upper end of the pendulum rod, formed into two kinda of 
eyes or hooks, is hung, and when the pendulum vibrates, the pivota 
of the strong arbor move on the edges of the large rollers, and be- 
tween the edges of the small ones ; so that, by them, any resistance 
to the motion of the pendulum may easily be conceived to be done 
away, or at least very much reduced. In the edges of the laige 
rollers, a segment may be taken out for one eighth part of the drcam-c 
fcrence, and hard pieces of stone fitted in and formed into the same 
circle; on these, the pivots of the strong arbor turn, all the rollers 
may be crossed out, so as to be as light as possible, and yet have 
strength enough; the segment, where the stones are set, should be 
kept solid into the centre, and banking put in to prevent the rollers 
getting farther, so that some part of the stones shaU always be 
under tlie pivots which he across them ; near to the ends of these 



PENDULUM, AMD FREEDOM NECE8SART. 137 

pivots, cocks should bo fixed, between which they should have freedom 
Co movot and no more. In a line with the pivots on which the pendu- 
lum hai^gs, brass cocks should be fixed on the frame which contains 
the roUers : into these cocks run the pivots formed each at the end 
of strong screws, put into strong iron cocks, fixed to the iron bracket 
-which supports the clock : it is on these screw pivots that the firame and 
ToUers wiU freely turn, allowing the pendulum to hang fireely, easily, and 
peipendkmlariy down. The brass cocks may be kneed and so formed* 
as to serve as pillars to the upper end of the roller firame ; two common 
fiDars being at the lower angles. 

Lngth of pendulum is of advantage to the time keeping of a clock ; 
i hitf seconds pendulum can n^ver be equal to that whose vibrations 
ae made in a second, nor will the seconds pendulum, be equal to that 
iiUdi makes a vibration in two seconds, partictdariy m turret docks* 
Hiadley of York had pendulums put to some of his turret clocks, which 
pro t vibration only once in four seconds ; but such a pendulum le- 
fong a length of fifly-two feet, three inches, and two tenths of an ioch* 
b not an easy matter to fit up ; it will either be too flexible in the 
rod, or, if it is made stiff enough, it will be heavier than what the 
rinogeat or largest turret clock, that has hitherto been made, is well cal- 
cubtod to carry ; but where ingenuity is exerted in constructing a 
peoduhim of this length, it will have a prodigious dommUm over the 
docL Having never seen or met with a spring clock, where advan- 
tige was taken to have such a length of pendulum as the case would 
bftve admitted, showed, that either the value of length was not under- 
stood by dock-makefs, or that the method was not known of computing 
"nmiNn for the teeth of wheels and pinions, so as to give such a num- 
ber of vibrations as to answer for that length of pendulum, which 
voold have suited the case in which the spring clocks were fitted ; hence, 
ve aie led to infer, that neither were known to them. The me- 
thod of computation has already been shown, the other will be so in the 

The pendulum of a regulator, or astronomical clock, ought to swing 

IB aa free or open space as can, with propriety, be taken within the 

Cases are, in general, too confined, and when the weight 

down opposite to the pendulum ball, the vibratory motion it 

fan, gives agitation to the air between it and the weight, which must 

influence the vibrations more or less, consequently must afiect the 

tinie4ceeiHng. In order to get the weight as much to a side as pos- 

sSile, let the great wheel be pretty large in diameter, and the centre 

of it on a line horizontal to the centre of the dial, the puUey for the 

wei|^ should be large in diameter also, which will have the effect of 

18 
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leading the we^ht more to one side of the casev Where there are 
two wheels from or betweeathe centre of the dial and that of the greet 
wheel or barrel, they will allow a greater scope for this piirpo0e» than 
where there is only one wheeL These are circumstances ^irtiich have 
hitherto been unnoticed by clock-makers, and yet when ttey are 
pointed out, nothing can be more simple and obvious. The bod^ of 
the case should be both wide and deep,.not less than 14 inches wider 
and 8 inches deep, inside measure ; a little more may still be better^ 
and tiie pendulum hung inlhe middle of the- space between the bade- 
of the case, and that side ci the weight nearest to the pendulum ball ; 
perluqps openings made in the sides ci the case opposile to the edgee oT 
the pendulum ball, and covered over outside wi& neat circular (Mecee o£ 
wood, would give additional freedom to the air. 

A considerable part of the length of the fall for a doek weig^ 
was commonly lost by our clock-makere, by making the pulley sirap' 
much longer than was necessary, to which was put ^ hook too loi^ 
also ; to some of the clocks we have made, such defects as tbeea 
were completely done away, in the method we took with puHien aoA 
weights. 

To lead the going weight, as much as possible, to one* skfe* mi^it 
be done, so as to get 3. or 4 inches more of fall, which would bo* 
gaining 8(»nediing two ways, that is, more length ci fall, and tak- 
ing the weight at the same time out of the way of disturil»ing && 
pendulum ball. Let two rollers, or pulHes, be put into a brass kind' 
of frame, run apart, or at such a distance from each other as may be 
thought proper, the weight being hung at equal distances from the 
centre of the pullies, whose diameters may be one inch, or one indt 
and a quarter, or, in short, whatever diameter the artist may choose* 
to give. To an arbor, whose pivots run in the frame, is fixed a kind 
of swivel, which comes no lower down than just to allow the barrel 
cord to pass freely through it. The frame may be composed of two 
bars of brass, about 6 or 6 inches long, three quarters of an inch broad*. 
and a little more than one eighth of an inch thick ; the ends of the 
bars are screwed to double kneed pieces of brass,, an inch in height 
or thereabouts, by iJray of pillars, to keep the frame together. The 
clock-case will require to be a little wider than ordinary, to admit a 
pulley-frame of this kind, if 6 inches in length. In Plate VII. No. 41 ^ 
a double pulley, like what has been proposed, is represented ; it will 
easily be seen how the barrel cord is applied, by referring to the letters 
a, 6, e. 

To show that room in the inside of a rase is so necessary for a 
pendulum to swing through, we shall give a detail of an experiment 
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"moBiiA tor this {mrpose. A clock with a spiing pallet '8ca{>ement| and 
^DDC tube compensation pendulunit after being brought to mean time« 
"the accumulated gain in 44 days, viz. from the 16th February to the 
1st of April, 1819, amounted to one second only, and with little or 
no greater deviation in the interim; after this, it gained one second 
adqryudsametimes leas. 8uq)ecting that the pendulum baU mig^ 
not have sufficient room, (what it had was, nevertheless, fully more 
fban usual,) there was a piece taken out of the back ci the case be- 
hind the pendulum ball, and from the sides opposite to the edges of 
the balL The clock, ^Hben again set agoing, on the 24th of April, had 
Hnb semi-are of vibration of the pendulum increased 25^ that is, from 
1^ W9 the fonner arc, to 1^ 87' on each side of Zero, and from this 
cncnmstance alone, the clock ought to have g(me much slower; where- 
as, it gained at the rate of 42 seconds a day, which showed the great 
Aeity that the pendulum had acquired when swinging in less confined 
«• This is a thing we suppose nobody has hitherto seen or sui^pected, 
and b ecomes a very nice and valuable experiment, so fiu* as regaids 
tiie fitting up clocks for astronomical purposes. The edges of the 
^iff^p made on the back and 'sides of the case, not being, as we 
prqpedj chamfered or shelved off, on tins being afterwards 
it gave the air more freedom to pass readily over them, and the 
pffrf^ilwg" increased its semi-arc of vibration a little more, and swung out 
now to 1^ 46'* The angle of 'scapement being 21' or 22^ A pen- 
ddnm, swinging with a greater degree of freedom than before, ought 
to be leas afibcted by the different densities of the atmosfdiere. 

Many years ago, we gave an opinion to one or two, who were consider- 
ed ingenious in the profession, that the balances of watches and chro- 
were made to vibrate in a too confined space: this they 
to consider as a thing more imaginary than real. The experi- 
ineBt just now mentioned, with the fireedom given, and the consequences 
jt biid on the pendulum, goes, however, a great way to corroborate this 
^yqp«T»- To make such experiments with watches or chronometers, 
mMild come to be so great an expense, both of time and money, that, pro- 
bdbly, diey never wiU be tried. 
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CHAPTER VII. 

Having the length of a Pendulum^ to find the nwnber of vibratUm8 ii 
must make in an hour ; and, vice versa, knovnng the number of vi« 
brations that a Pendulum makes in an hour, to find its lengthy ^. 4*^. 

** It is known that pendulums which describe any arc whatever, give 
their vibrations in the times which are to one another, as the square roots 
of the lengths of ^these pendulums, and that the lengths of penduhnns 
are to one another as the squares of the times of vibration in each, and 
the longer a pendulum is, the more time it will take to give its vibnt- 
tions ; so that, if the lengths of two pendulums are to one another as 
four is to oney the times of their vibrations will be as two is to one, the 
square roots of their lengths ; from whence it follows, that in the time 
the pendulum ybtir makes one vibration, the pendulum one will make two. 
It also follows, that, if these pendulums vibrate during a certain time, 
the number of vibrations will be to one another as one is to two ; that is, 
reciprocally as the square roots of their lengths. The lengths of two pen- 
dulums are reciprocally to one another, as the squares of the numbers of 
vibrations made in the same time. If then, the number of vibrEUions 
that a pendulum makes in a given time is known, and the length of the 
pendulum, we can deduce the length of any other pendulum if the 
number of vibrations which it must give in a certain time is known ; 
and reciprocally the length of a pendulum being given, we can find 
the number of vibrations which it must give in a certain time. 

To find the length of a pendulum, according to a given number of 
vibrations. 

Rule, — Multiply the number of vibrations made in a minute by 
the standard, or seconds pendulum, (viz. 60,) by itself which is squar- 
ing it, and this being multiplied by the standard length of 39.2 inches, 
and the last product divided by the square of the number of vibrations 
given in a minute, by the pendulum whose length is required, the quo- 
tient will be the length of that pcndMlum, in inches and decimal parts 
r>f an inch. 
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fxomple. — To find the length of a pendulum which shall make 120 
vibratioDS in a minute. 

120 60 

120 60 



14400 : 39.2 : : 3600 
3600 



236200 
1176 



14400) 141120.0(9.8 inches, the length of the pendulum which was 
129600 required. 



115200 
115200 



The times ci the vibrations of pendulums are in the direct ratio of 
tte squaie roots of their lengths, and the number of vibrations made 
ia m giveii time, are in the inverse ratio of the square roots of their 
lengtfai. 

Vib. Vib. In. In. 

120'' : 60"^ : : 39.2 : 9.8 direct ratio. 

60' : 39.2 : : 120' : 9.8 inverse ratio. 

In. In. Vib. . • . Vib. 

9.8 : 39.2 : : 60' : 14400 | 120. 

Afl die product 141120.0 is that which arises from the square of 60, 
the number of vibrations given in a minute, multiplied by 39.2 inches, 
Ae length of the standard pendulum, it will be unnecessary, in any future 
examples, to make the multiplication, — ^it will be enou^ to divide this 
mimber by the square of the given number of vibrations in a minute, to 
obtain the length of any pendulum required. We may take an example 
or two more, in order to make the rule as obvious as possible to those 
who may have had but little practice with figures. 

It is required to have the length of a pendulum whose vibrations shall 
be 30 in a minute ? 
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30 
30 



Inches. Feet Inches. 



SKM)) 141 120.0(166.8, or 13 - 0.8, the length of the pendulum requi 
900 

6112 
4600 

6120 
6400 

7200 
7200 

Let the vibrations be 80 in a minute, what is the length of die [ 
duluml 

80 
80 



6400)141120.0(22.06, or 1 - 10 
12800 


rihrt the length required. 


13120 
12800 




32000 
32000 




Vibrations 100 in a minute. 
100 

10000)141120.0(14.112 ins. 
10000 


Vibrations 140 in a minute. 
140 

6600 
140 


4112Q 
40000 


19600) 141 12a0(7.2 i 
187200 


11200 
10000 


39200 
39200 


12000 
10000 




20000 
20000 





Having the length of a pendulum,"-to find the number of vibraXii 
it will give in a minute. 
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jMew — Dhride 'die constant hund)er 141120.0 by the lengtfi <^ ibe 
^i^en peodolum, tbe squaie rool extracted from die quodent wOl h6 
^MB ittDDSiber of T&iaiioiiB in anmiute. ^ 

gifli«|i/iiL — ^The length of the penduhim given is 6.272 inches: Re-^ 
qoiriMi^ailmbia'of tibradoBsit must g^ve in a minute 1 



IndieiL 

6.aif2)14i 120.000(22600 

1^544 



15680 
12544 

81360 
81360 



1122.500(150 die nmnberof n* 
1|1 bradonsm aihfc- 

nule reqoiied^ 



251125 
5[l25 

80(000 



000 



TliB length of a pendulum being 156.8 i 
berof TibiationsitwiU give in a minute? 



: Required tte niin^ 



1&6^)141120.0(900(80, die number of vibradons it wiB givi» il» 
14112 9 a mkiute. 



00 00 

Let the length of a pendulum be 9.03168 inches: Required ib» 
vnber of vibradons it will give in aminute? 

3^168)141120.00000(1,56,25(125 Tibndons Witt be gWen in a mmtttt. 
908168 1 



5060820 
4515840 



22|56 

2|44 



5644800 245|1225 
5419008 5|1225 



2257920 
1806336 

4515840 
4515840 



To Aose who can make use of logarithms in computing the lengths 
^ pendulums, or the number of their vibradons in a minute, (A«y 
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will find them much neater and easier perhaps than in the foregCMi^ ex- 
amples, done by the common rules of multiplication^ division* and the 
extracting the square root In order to show the difference, we shall 
give a few examples of each done by logarithms. It is not to 
be thou^ that every clock and watch-maker can apply these niles 
to serve his purpose, even if he should know as much of arithmetic 
or of logarithms as are requisite. It becomes necessaiy for many 
that their appHcation should be shown, which are, however, of great 
advantage to those who know how to apply them. For instaneey 
having a spring clock case of a given length or height, which should 
admit a pendulum of as much length as can with propriety be put 
into it, length of pendulum, as has already been observed, being al- 
ways absolutely necessary to good time keeping ; but, it so happens, 
that the cases of most spring clocks which are seen, would have al- 
lowed a much greater length of pendulum than was taken, aiiamg 
solely from that want of knowledge, necessary in the calcukticm c^ 
the train, or of the numbers of teeth of the wheels and pinions recpiH 
site to produce any given lengtL We shall, in the course of this wwk, 
have occasion to make use of rules taken from conic sections, or men- 
suration c( solids, in the calculating of several things connected with 
clock-making, such as the solid contents of the going and striking 
weights, of the solid contents of the pendulum ball, whether it may 
be composed of equal parts of a sphere, or lenticular form, or of two 
equal frustrums of cones, globular, or cylindrical, things requiring 
to be properly sized both as to shape and weight. And if the dock- 
maker is any way desirous of having his work as it ought to be, he 
will find these rules both easy and convenient, the more so by having 
them inserted at the particular places of their application ; as it is dis- 
tracting to be looking for rules elsewhere, sometimes not knowing them, 
or even where to look for them, but, by this method^ both trouble and 
memory wiU be saved. 

Having the number of vibrations given in a minute, to find (by loga- 
rithms) the length of the pendulum. 

Rule, — Take the logarithm of the given number of vibrations in a 
minute, and double it ; the sum subtracted from the constant logarithm 
5.1496886, the remainder will be the logarithm of the length of the 
pendulum. The constant logarithm 6.1496886 is the logarithm of the 
constant and standard number 141120.0; in place of using «7, we now 
make use of its logarithm. 
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. — ^The number of vibrations given in a minute is 120: 
ft.e<|uired the length of the pendulum ? 

Standard number, 141120.0 ... log. 5.1495886 

V^ibiatioos given, 120, logarithm, 2.0791812, double of 

iBvfakshis, log. 4.1583624 

Vtoigtfa of pendulum, 9.8 inches, equal to - remaining log. 0.9912262 

The number of vibrations in a minute is 30 : Required the length of 
^pendulum? ** 

Standard number, 141120.0 - - - log. 5.1495886 

Tintions, 30, log. 1.4771213, double of which is log. 2.9542426 

Uagk of pendulum, 156.8 inches, equal to remaining log. 2.1953460 

Tke number of vibrations in a minute is 80 : Required the length of 
die pendulum? 

Staidud number, 141120.0 - constant log. 5.1495886 

Tintions 80, log. 1.9030900, double of which is log. 3.8061800 

hnduhun 22.05 inches, equal to - remaining log. 1.3434086 

Hie number of vibrations in a minute is 100 : Required the length of 
die pendulum? 

Standard number 141120.0 - - constant log. 5.1495886 

Tibntions 100, log. 2.0000000, double of 
which is .... log. 4.0000000 

PttUom, 14.112 inches, equal to - remaining log. 1.1495886 

Hiring the length of a pendulum in inches, and decimal parts of 
en ineh, to find by logarithms the number of vibrations it will make in a 
nante? 

Bde, — ^From the constant logarithm, 5. 1495886, subtract the logarithm 
cf the given length, half of the remainder will be the logarithm of the 
Bumber of vibrations in a minute. 

Enmple* — ^The length of the pendulum given, is 9.8 inches : Re- 
quired die number of vibrations it will give in a minute ? 

Constant log. 5.1495886 
I^ength of pendulum 9.8 inches, log. 0.9912261 

2)4.1583625 

Ylbrttions. 

120 log. 2.0791812 

19 
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The length of pendulum 156.8 inches : Required the nbrations in a 

minute ? 

Constant log. 5.1495886 

laches. 
Length of pendulum 156.8 log. 2.1953460 



2)2.9542426 

Vibrations. 



80 - . log. 1.4771213 

— The length of pendulum is 
9.01368 inches : Required the vi- 
brations in a nunute ? 
Constant log. 5. 1495886 

Inches, 9.01868, log. 0.9549022 



2)4.1946864 
125 vibrations, log. 2.0978432 



The length of penduhim 22, 
inches : Required the vibiatkMiB 
a minute? 



Constant log. - 6.1495886 
Inches, 22.05, log. 1.3484066 



2)3.8061800 
80 vibrations, log. 1.9080900 



What has already been said on finding the lengths of pendulums, ac- 
cording to their number of vibrations in a minute, and vice venOfiB 
sufficient for the clock-maker's purpose : Tet, for the sake of such as 
may wish to instruct themselves more in the subject, we shall esdubitit 
under a different view. Heretofore^ we have taken the length of the 
standard pendulum at 39.2 inches, and the vibrations 60 in a minute ; 
we shall now take the pendulum at 39.126 inches, and the vibrations 
86400, which is the number of seconds in 24 hours. The square of 
86400 is 7464960000, which being multiplied by 39.126 inch^ the 
length of the standard pendulum, we shall have 292074024960.000 ; 
this being conjstantiy divided by the square of any other number of 
vibrations made by a pendulum in 24 hours, the quotient will be the 
length of the pendulum. Likewise, if the constant number is divided 
by any given length of pendulum, the quotient will be the square of the 
number of vibrations it will give in 24 hours, which will be found by 
extracting the root For example, if a clock gains a minute in a daj, 
or goes at the rate of 86460 seconds in 24 hours ; the square of which 
is 7475331600, by this divide the constant number 292074024960.000^ 
and the quotient will give, for the length of the pendulum, 39.071714, 
&c. inches, which, being subtracted from the standard length, will 
show how much the petidulum, which gains a minute in a day, must be 
lengthened ; and, according to this example, it will be found to be .0542 
of an inch. It is evident that, if the number 29207402496O.0OO 
was divided by the number 39.071714, &c., the length of the pen- 
dulum just now found, that the quotient must be the number 
7475331600; and it is evklent also, from this example, that the 
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flqmre rooCt when extracteil, would be 86460, the number of vibiadoos 
produced by this length of peodulum. 

Tbe table friuch is given, to show how much a pe]:^ulum must be 
l engthened or shortened, according to the gain or loss in a day, is so 
&r caiious, seeing what an amazingly small quantity is required to make 
apeodnlum gain or lose, even one second in a day, to say nothing of one 
tendi of a second in that time. The thousandth part of an inch is hard- 
ly Wsibte, even to a very good eye; yet this is a greater quantity than is 
ntpM to make a change on the length of a pendulum for one second 
iniday : it is then no wonder that it is so difficult to make astronomical 
dotka keep so near to time as they do, or that compensation pendulums 
Amid be brought to that state in which they are ; much greater perfec- 
tjoa can hardly be expected or attained. 



Mglh of a pendulum in 
bGhetandDeciqial parts 
of an Inch. 


Loss or Gfain per daj 
in Seconds and Deei- 
mal Parts. 


Decimals of an Inch. 

• 


38.18039845 

39.07171486 

39.15318499 

39.09888998 

39.18690571 

39.18509431 

39.18645365 

39.18554713 

39.1860905696 

38.1859094307 


losing 60. 
gaining 60. 
losing SO. 
gaining 30. 
losing 1. 
gaining 1. 
losing 0.5 
gaining 0.5 
losing 0.1 
gaining 0.1 


must be shortened 0.05439845 
lengthened 0.05488514 
shortened 0.08718499 . 
lengthened 0.08717088 
shortened 0.00090571 
lengthened 0.00090569 
shortened 0.00045365 
lengthened 0.00045887 
shortened 0X)000905696 
lengtliened 0.0000905693 



We still may be allowed to take another view of the subject, re- 

indEng the length of pendulums, and the number of their vibraticHiB, 

iMwngh it should be nearly on the same ground as has been gone 

Ofv ; because the practical artist requires to have it made quite familiar 

md easy, and there is no doing this, without giving a greater variety 

of eiamples, than might otherwise be thought necessary ; but it is 

nour meant to show how to deduce the lengthening and shortening 

of pendulums for their difference of vibrations ; and thereby to ascer- 

tem how much they must be made longer or shorter, by means of the 

regulating screw and nut of the pendulum, which is determined by the 

anmber of the threads of the screw in an inch, and the divisions of the 

not, where every prime division should be made equal to one second in 

nranty-fbur hours. 

The length of pendulums are in the inverse raio of the squares of 
tlieir vibrations in a minute. The number of vibrations in a minute 
by the seconds pendulum, is 60, the sq|iiaro of which is 3600, which. 
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multiplied by the length of what may be caDed the standard pendidum 
of 39.2 inches, gives 141120. A pendulum, gaining at the rate of one 
minute in a day, or vibrating 86460 seconds, will make 60.04166 vi- 
brations in a minute, the square of which is 3606.0009356666 ; then 
inversely, as 3600 : 39.2 : : 8606.000936556 : 39.1456 inches, the 
length of the pendulum which gains at the rate of one minute in a day ; 
and to keep mean time, it would require to be lengthened .06444 of 
an inch, the difference between this and the length of the standard pea- 
dulum. A screw having 36.75 turns in an inch, two turns of fvhidi' 
would be equal to one minute ; the nut divided into thirty, each divisioii 
would be equal to one second, or as nearly so as possible ; as .05444 x 
36.75 = 2.0006700 turns, or .0544 X 36.75 = 1.999200 tunia. In 
the calculation for this lengthening of a pendulum by Professor Lad- 
lam, he makes it .0543877844, and .05438 x 36.8 <=> 2.001184. If 
a clock loses one minute in a day, or goes 86340 seconds in twentf' 
four hours, the vibrations in a minute will be 59.9583, the square of 
which is, 3594.99783889. Then inversely, as 3600 : 39.2 : : 3694.- 
99783889 : 39.2548 inches, being the length of that pendulum, wUdk 
will lose a minute in a day, and will require to be shortened .0648 of an 
inch. A screw, having 36.5 threads in an inch, two of which would be 
equal to one minute, .0548 x 36.5 = 2.00020. A pendulum being 
shortened an inch, or 38.2 in length, the vibrations in a ihinute will be 
60.78, or 18.72 minutes fast in twenty-four hours, which call 18 minutes, 
43.20 seconds. A pendulum being lengthened an inch, or 40.2 inches in 
length, the vibrations in a minute 59.2489, or 18 minutes, 1.584 se- 
conds slow in twenty-four hours. To find the vibrations in a minute by 
a pendulum of 40.2 inches in length? 40.2)141120.(3510.447761194, 
the square root of which quotient is 59.24903 vibrations in a minute. 
To shorten the seconds pendulum the thousandth part of an inch, 
and find how much the clock would gain in twenty-four hours 1 Sup- 
pose the seconds pendulum 39.200 inches, and the other 39.199 inches, 
the square roots of these will be 6.260990337, and 6.260910477: 
If we put them 6.260990337 : 6.260910477 : : x : 3600, we shall 
find the value of x, or the number of vibrations in an hour, by mul- 
tiplying the extreme terms together, and dividing by the mean, the 
quotient will be 3600.0469, the number of vibrations in an hour 
and .0459, the excess above 3600, being multiplied by 24, will 
give 1.1016 seconds gained in a day by shortening the pendulum 
the thousandth part of an inch. That pendulum, which makes 30 
vibrations in a minute, is 156.8 inches in length ; but, on its 
losing 30 seconds in twenty-four hours, what is its length, or 
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how much must it be shortened ? The vibrations of the first being 
80 in a minute, we have 86400 : 80 : : 86370 : 29.989683, the vi- 
fantioDS in a minute made hy the other, and the square of this is 
899.375088513889, and the square of the first is 900 ; so, if we mul- 
tiply die length, 156.8 inches, by 900, the square of the vibrations, 
and ^Kfide the product by 899.375088513889, we shall haVe the 
ki^ for the other pendulum, 156.909 inches ; so that, shortening 
it .109 o£ an inch, would correct the error of going slow 30 seconds 
m I day. A clock, with a half-seconds pendulum, which should be 
9.8 indies in length, loses 30 seconds in a day. The vibrations of 
tin ha]f«econds pendulum are 120 in a minute, the vibrations of 
Ab losing pendulum will be 119.958333, the square of which is, 
14390.001656138.889 ; the square of 120, the vibrations of a half- 
neoiids p^Miulum in a minute, is 14400, which, multipHed by 9.8, the 
product will be 141120.0, and this, divided by 14390.001656138889, 
gives, for the length of the pendulum, 9.8068 inches, and being short- 
coed .0068 of an inch, will correct the error of losing 30 seconds in 
tday. A pendulum, gaining one minute in 24 hours, must be 
li^[diened as 719 is to 720, or rhf of 39.2 inches » 0.0544 » iV of 
« inch nearly. A pendulum, gaining one second in 24 hours, must 
be hogdiened, as 43199 is to 432000, or Trfinr of 39.2 » .0009, 
<v uhb6 of an inch. The length of a siderial pendulum is, 39.2 
JMJM — 0.216 s 38.984 incfies. A pendulum, of the standard 
ioflh, which gains half a second a day, must be lengthened 0.00045 
of m inch. A pendulum of ditto, which loses half a second a day, 
OHk be shortened 0.00059 of an inch. The standard taken in the 
tio last cases, at 39.126 inches. The siderial pendulum, or that 
liiioli keeps siderial time, being supposed 38.984 inches in length: 
— Bfqoired the number of vibrations it would make in a minute? 
38.964)141120.000(3619.9466. The square root of which is 60.166 
fixations in a minute. The mean solar day is 24 hours, or 1440 
nomtes. A siderial day, or the mean solar time, which a star takes 
fron one transit over the meridian to the next, is 23 hours, 56 minutes, 
4.1 seconds, or 1436.0683 minutes of mean solar time. The siderial 
peodidom is supposed to make 1440 siderial minutes in the siderial 
d^; hence its length must be shorter than that which keeps mean 
Mlar time. The difierence in length of these two pendulums may be 
Aownthus : 
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1440. 



log. 3.1583625 

square, 6.8167250 
o, e, of 1440* 
inches, 39.2 

siderial length, 38.986 

Difference, 0.214 



1436.0683 

log. 3.1571750 

square, 6.3143500 

3.6832740 

log. 1.5933861 

log. 1.5909101 



Let it be required to find the length of a pendulum which ymriR 
make 120 vibrations in a minute ? Ride. — To the logarithm of iiie 
square of 60, (the standard taken,) add the arithmetical complement 
of the logarithm of 120 square, and also the logarithm of 39.2 inches^ 
die standard length, the sum will be the logaridmi of the pendtdun 
required. 

120 60 



log. 2.0791812 

square, 4.1583624 
a, c, of 120* 
39.2 inches. 

9.8 inches. 



log. 1.7781512 

square, 3.5563024 

5.8416376 

leg. 1.5932861 



log. 0.9912261 



Let it be required to find the number of vibrations given in a nuDUts 
by a pendulum, whose length is 12.098 inches ? 

12.098 inches, log. 1.0827136, a, c, of which is, 8.9172864 
39.2 inches, ... log. 1.5932861 

60* - - log. 3.5563025 



Vibrations in a minute, 108. 



4.0668750 



log. 2.0334375 



These give the same result as in the former examples by 1<V^ 
rithms. 

A short and easy rule for touching a pendulum is given by f^ 
fessor Bridge, in the following theorem, for ascertaining the qu5i2^ 
to touch a pendulum according to its daily gain or loss. Wh^^ ^ 
pendulum of a given length has been observed to gain or lose a ^^' 
tain quantity daily, it is convenient in making adjustment for ex<^ 
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time to have some concise theorem as a guide to bring it to the point 
desired at one trial in all cases. ^^ Multiply twice the length of the 
pendulnni by the number of seconds gaibed or lost, and dktde the 
Insult by the number of seconds in a day, the quoiimU will give the 
mmber tf lachesy or parts of an inch, by which the pendulum is to be 
Wngtheiied or shortened. Suppose the gain of a seconds pendulum 

to be three minutes, or 180 seconds in a solar day, then ^^^ 

!t 86400* 

S.1683 parts of an inch, which is the quantity m this case, by 
nkich the pendulum must be lengthened to measure meantime. But, 
if tbe three minutes had been has with a half seconds pendulum, then 

— ^ — = .04083 of an inch, or the fourth part of the former 

qwitity that was to be lengthened, which, in this case, it requires to 

m 

The seconds pendulum being* 39.2 inches, and the daily loss or 
pk being supposed 18 minutes : Required the quantity by which 



tin petiddhim must be shortened or lengthened? — -.... ea.980 

od4UU 

of SB inch. 1102.05 seconds would be equal to one inch. The screw 
of t pendulum rod, having 54 turns in .98 parts of an inch, three 
tamof wbkh would be equ»l to one minute, and the reguUting nut di* 
Tided into 20 prime divisions, each of which would be equal to one 
ncQiid in a day ; but, in case 54 threads of a screw in such a 
ipioe should be thought rather too fine, let us take a screw of 46 turns 
iaibesame space, two and a half tarns would be equal to one minute, 
and ftie nut divided into 24 prime divisions, each would be equal to one 
seoosd, A screw of 36 threads, ill that space, would require two 
tanu of the nut to be equal to a minute, and 30 prime divisions on it^ 
otek would be equal to one second* 

The pendulum of a clock being 12.8 inches hi length, and it loses 
one nunute, or 60 seconds, in 24 hours: How much must the pen- 
dtthmbe shortened ? 

i^^=.018„eaHyof«.inch. m number of tu^s which 

titt regulating screw has in an inch is 34 ; then what turns, or parts 
of a turn, ought to be given to the regulating nut to shorten the 
poodulum, so as to correct the error ? Suppose an inch to contain one 
tfaoosand equal parts, the number 1000 being divided by 34, the 
OQmbcr of threads on the screw in an inch, it will give nearly 30 of 
die thousand equal parts for every thread or turn of the screwy 
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then, if 60 seconds require .018 of an inch, .030 wiU be equal to 100 
seconds, and 100 seconds requiring one turn, 60 seconds wiU reqmra 
six-tenths of a turn. The following length of pendulums, to vibnto 
militarj pace time, may be easily made : Take a musket bullet, and 
attach it to the end of a very fine tiuread, from the centre of the bullal 
to the point of suspension where the thread is tied or fixed, meaoon 
off 26.04 inches, diis will then be a simple pendulum, and from its 
length win, when vibrating, give 75 vibratioos in a minute, or the num- 
ber of paces when marching to slow tune. When ordinary time ii 
wanted, the thread can be shortened to 12.076 inches from the oentn 
of the ball, and the vibrations given will be 108 in a minute, ihe nnmlMi 
of steps required in ordinary time. For quick time, bring die feogA 
of the pendulum to 9.8, or 9.781 inches, the vibrations will be ISO in 
a minute, being the number of steps required for that kind d 
marching. An apparatus for this pwspose might. ]t^ easily made, and 
would be very useful to a fidd-officer when exercising troops to maidi 
to the difierent times required. One bullet, with the same Aread, 
could at once be set to any of the lengths which are supposed to htsn 
been previously marked ofi*; and by this means no time need be lost in 
adjusting the length for the different pendulums; or a small bnuH 
frame, containing a conunon 'scapement-woik, to act or impel a pendu- 
lum of 9.8 inches long, having a small square rod above the centre ol 
motion, and on the rod a sliding weight, adjusted so as to set at placet 
for slow and ordinary time. If the drum-major corps play the march- 
es in their proper time, this will make the troop keep to the prepei 
number of steps. 

How a clock may be regulated, or made to keep mean time, or verj 
near to it, in twenty-four hours. Knowing the number of turns in an 
inch, and parts of an inch, of the regulating screw of the pendulum, 
and having the nut so divided to answer the screw as that each divi- 
sion on it shall be equal to one second in twenty-four hours. 

On setting the clock agoing, and comparing it very accurately witl 
a well regulated time-piece or astronomical clock, at first for one hour 
as we shall suppose, and in that time it is observed to have gained fiv( 
seconds, then calculate how much this rate would be in twenty- 
four hours, which would be two minutes, or 120 seconds. The re 
gulating nut being divided into thirty, each turn of it would then Im 
equal to thirty seconds, and four turns would be equal to 120 seconds 
grv the regulating nut then four turns downwards, and the clock wil 
be found very nearly at time. Let it be again set, and allowed to g< 
on for the remaining twenty-three hours, and observe what it has 
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gained or lost in that time ; if the amount of error is two seconds slow, 
set the not up about two divisions, and the clock will now be regulaftedi 
or nearly so. In twenty-four hours we have regulated a dock by this 
method, that at Ae end of twenty-three days afterwards, it was found to 
kfB lost only four seconds, or going at the daily rate of-*0.174 of 9 
ipcflnd* 

h comparing a clock or chronometer with the regulating dock, 
ikn they are under regulation. There b in tins, as well as in every 
otJMr tiung, a neat or proper method : Suppose the dock or watdi 
ufar regulation is found to be faster than the regulating clock, count 
ii jour own mind the beats or seconds of the regulating clock by tho 
nr, keeping, at the sometime, your eye steadily on the seconds hand 
V of Ihs dock or chronometer under regulation, and when the beat of 
ke regulator is on the sixtieth second, mark well where (he seconds 
W df the piece under regulation is, and'you will hav^ exactly what 
it has gained. On the other hand, shodd the piece uiuler regulation 
belonog, count the beats of the regulating clock in ^our own mind, 
bewii^, at the same time, where the seconds hand of it is at, apd 
keeping your eye on the seconds hand of the piece to be vsgdated, 
utieethe instant when the seconds hand of it comes to the sixtieth 
wead, and what beat or second the regulator is at, and you have the 
ttnnoe, or the nun^ber of sec^mds which the clock pr (%onome- 
(vnay have lost When addition or subtraction is used, vifith the 
diSmiMDes between two clocks, where one of them is to be regulated, 
«m may take place ; but, in the method we have jus| descril^^ii 
Ihiiiinot likely to happen. ' 

Ki simple pendulum, vibrating seconds in a very small arc, ia 
mrietojescribeany of thearcsinthe following Table, the daily losq 
vibe according to the extent of the arc mi^p on each side die poinf 
of nrt, as shown there : 



Arcs Described 


Inches and 


Duly loss. 


on each side. 


Decimal Parts. 


0^16' 


0.168 


0.1 sec 


30 


0.337 


0.4 


1 


0.674 


l.e 


2 


1.349 


6.6 


3 


2.024 


14.8 


4 


2.699 


26.3 


5 


3.374 


41.1 



20 
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ToHt qff Degrui and Mkmte$ on the Pendulum Index PlaU. 

In clocks mpde for astnmomical purposes, the lower end of die 
penduhun rod is sometiiiies formed into a small and sharp point» 
serving as an index to a plate of brass, (fixed jto the inside back of die 
clock*case,) on which is graduated degrees, and parts of a degree, of 
a great circle. The Imgth of the pendulum over all bdng gjmn, 
thcoioe to find the chord of one degree*. Su{qpose the lengdi to be 
46 inches, Him say, aA die arc of 1' is to 0.0002908, so is 46 mdMs 
to dr. 

r : 0.0002908 :: 46 inches. 
46 



14640 
11632 



•0130860 
X 60 the minutes in a degree. 



0.7861600 parts of an inch, equal to one degree. 

.78616 parts of an inch, must be taken for the length of every de- 
gree set off on the brass plate, and, subdividing each degree eidier into 
four or six, will show the minutes. 

It may not be uninteresting to some, to have directions how to lay 
off the degrees and minutes on the brass index plate. Provide a 
deal-board, about four feet in length, and seven or eig^ inches 
broad, and a thin piece of well hammered plate brass, six inches 
long, its breadth an inch and four-tenths ; let f< be pinned ftst acroai 
the board, and near to one end of it; at the other end, fix a roond 
pin of steel wire, (not less than a quarter of an inch in diameter,) 
having an inch or two above the sur&ce of the board, to serve as a 
centre of motion, to a rectangular bar of wood, four feet in length, 
one and a half inch broad, and the thickness about an inch ; near to 
one end of the bar, make a hole for the steel pin to go through, at the 
other end, taking a distance from the centre of motion, somevi^iat 
less than 46 inches, make a hole, into which is fixed a cutter, to trace 
two portions of circles on the brass plate ; the first portion being traced, 
to get the other, the cutter must be shifted lower down, near to two- 
tenths of an inch, to give the space between the circles. On this 
space, at a distance of three inches or so, (supposed equi-distant,) 
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from di6 ends of the brass phte« make a poiiit for Zero, or O ; frott 
it, towards each end, maik points for the degrees, 1, 2, 8, or more, 
tlHBSiibdifide each degree, to show either ten or fifteen minntes. The 
cotter may now be taken out of its place, and a flat thin piece of 
kMs fixed to the lower end of the bar, projecting a little way beyond 
(bbar, having one of its edges straight, in order to mark off the de- 
fnes and their subdivisions; anodier hole must be made at theiqiper 
«lof die bar, (for the steel pin to go duoag^) at such place and 
dMnce as to bring the brass straight edge to 1^ across the index 
{hlD; stepping Ae different points, uid hdding die straig^ edge steady 
It diem, wi& a sharp knife-edge, or such like, mark the degrees and their 
flobdiviBions. 

The lengdi of a degree can be determined also by rules in plain 
tijgopometry* 

AB = 45. 
ACs45. 
B C = .78616 



Sum 90.78616 



iSum 46.89268 s H » 46.39268 co. log. 8.8480268 

H — BC = 44.6074J) co. kg. &8606980 

H — AB B .89268 log. 9.6989262 

H — AC B .89268 log. 9.6989282 

' 80'X2=:1'' Sum 16.8814762 



Tangt. of 30 = i Sum 7.9407876 

Given two sides of a triang^ each 46 inches, and the angle con- 
^vbedone degree: To find the chord? Say, as radius is to twice the 
^of 36% so is 46 inches to x. 

N. S. of 30' is 87.266 X 2 = 174.630 N. S. of 1^ 

N. 8. of 1" is 174.630, die log. sine of ^diich is 8.2418663 

The log. of 46 inches is .... 1.6632126 

•78686 parts of an inch - . »log. 9.8960678 



ifi6 



rmBure thb lkvotb of a dborbe, &c* 



Three sidee given : Required the angle? 



46. i&cbes. 
46. 
.76636 


- CO. log. 

CO. log. 

- - log. 

m m KvTi 


■ 


Sum - • • 90.78636 




Halfeum • • 46.89268 

— Opposite an^e .78686 i <. - ^ 


« 

8.8430192 


44.60782 . . . . 
i Opposite angle .89268 ... 


8.3606938 
9.6940388 

Q fiQ403Aft 


JL/nHF " • aOUSiVO • • • 


lUgl 


» 


Tangt. of 80' X 2 - 


16.8816906 



Hieangfel « 1^ — 30' Tangt. = i sum 7.9408468 

Tbe Table which we are about to give^ containing different kngi 
of pendulumsy the number of their vibrationa in a minute, and i 
numbers for the teeth of the wheels and pinions, to produce the ' 
brations, will be found very useful and convenient for the clock-mak< 
who bavitag determined on his height of case, or length of pendulu 
has only to inspect the Table to find what his wheels and pinio 
should be^ which will save a great deal of trouble. For the like reas 
is added a Table of various trains of watches, and chronometers, a 
the numbers of their wheels and pinions calculated to produce them, a 
which may be ul^fixl to many a watdi-makcr, and watch-movemi 
maker. 
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le of the Lengths of PenMkms^ their Vibrations in a MtmOe^ 
the JNyaiberafor the Teeih of such Wheels and Pinum$ as are cal^ 
h produce thenu 



^ 1 


Ltogth of Pendo- 




1 




ibrations in 


luxDB in inchefe, 


Nuraben for the 


Nvmber of 


m minute. 


and decimal 


Wheel Teeth. 


Loaveein 




parte of an inch. 






the Pinions. 


188 


3.928 


47 


36 36 20 


6 


180 


4.856 


46 


38 36 20 


6 


176 


4.608 


128 


105 26 


8 


176 


4.608 


86 


W 36 26 


6 


170 


4.883 


128 


102 26 


8 


166 


6.188 


132 


100 27 


9&8 


160 


6.612 


128 


60 30 


8 


160 


6.612 


120 


96 30 


9&8 


166 


6.797 


104 


96 30 


8 


162 


6.108 


96 


86 32 


8 


16L2 


6.172 


84 


72 27 


6 


160 


6.272 


100 


96 30 


8 


146 


6.712 


120 


87 30 


9&8 


146 


6.712 


100 


87 32 


8 


144.9 


6.720 


92 


84 36 


12 & 8 


142 


7.001 


128 


71 30 


8 


142 


7.001 


120 


71 32 

4 


8 


141.76 


7.023 


90 


84 86 


8 


140 


7.200 


96 


80 36 


8 


140 


7.200 


84 


80 4p 


8 


137.8 


7.430 


90 


84 36 


8 


136 


7.^46 


9i 


90 30 


8 


136 


7.746 


90 


90 82 


8 


133.8 


7.874 


90 


84 34 


8 


132.3 


8.062 


84 


84 36 


8 


130.3 


8.320 


90 


88 40; 


9 


130 


a360 . 


100 


78 32 


8 


129.9 


8.362 


90 


84 3 


8 


129.1 


8.466 


84 


83 46 


9 


128.6 


8.677 


84 


84 36 


8 


128 


8.610 


100 


96 40 


10 


126 


8.880 


90 


84 36 


9&8 


126 


8.880 


90 


84 32 


8 


126 


8.880 


108 


100 36 


10 


126 


9.031 


100 


80 30 


8 


122 


9.471 


99 


84 31 


8 


120 


9.800 


90 


80 32 


8 


120 


9.800 


90 


80 36 


9&8 


120 


9.800 


80 


72 40 


8 



LsneTB or PENDCLmU, Ac. 

. (TWectrntamtd.) 



VibniioM. 


Length of Pea- 


Wheel Teeth. 


UUVM. 


120 


9.800 


96 80 


30 


8 


120 


9.800 


80 80 


36 


8 


118.S 


10.060 


90 78 


32 


8 


118 


iai36 


Nnmben Tor thu 


not eodlT 


to ba KO' 








II7.5 


10.220 


94 76 


32 


S 


117.3 


10.266 


90 88 


32 


9&8 


115 


10.672 


116 100 


30 


10 


114 


10.858 


96 76 


30 


8 


112 


11.250 


105 100 


32 


10 


112 


11.250 


90 84 


32 


9&8 


112 


11.250 


84 80 


32 


8 


110.25 


11.610 


84 84 


30 


8 


110 


11.662 


no 100 


30 


10 


110 


11.662 


88 80 


30 


8 


108 


12.098 


81 80 


36 


9fc8 


108 


12.098 


96 72 


30 


8 


106 


12.098 


90 90 


32 


10 & 8 


106 


12.800 


106 100 


30 


10 


102 


18.664 


83 72 


32 


8 


102 


13.564 


86 81 


32 


9&8 


100 


14.112 


126 108 


32 


12 


100 


14.112 


100 100 


30 


10 


100 


14.112 


80 80 


30 


8 


100 


14.112 


80 72 


32 


8 


100 


14.112 


96 80 


26 


8 


98 


14.694 


98 60 


32 


8 


98 


14.694 


84 64 


35 


8 


98 


14.694 


84 84 


30 


9&8 


96 


16.400 


108 100 


32 


12&10 


94 


15.971 


94 64 


30 


8 


90 


17.422 


80 72 


30 


S 


88 


18.223 


100 88 


32 


8 


88 


18.223 


88 64 


30 


8 


86 


19.098 


86 64 


30 


8 


84 


20.000 


84 64 


30 


8 


80 


22.050 


64 60 


40 


8 


80 


22.050 


75 64 


32 


8 


78 


23.182 


72 65 


32 


8 


75 


25.088 


75 60 


32 


8 


72 


27.222 ' 


72 64 


30 


8 


70 


2^800 


70 64 


30 


8 


68 


30.619 


64 64 


30 


8 
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iTabkofOe Traim of Waidies, CImmameien, ^. or their BettU 
mmHour^wiih the Jiwmbmfwilu Whuk and PrnionB^ aa eaku^ 
Ud to. produce ihmu 



Baits m an boor. 



16200 

1648^ 

16800 

16800 

16800 

16900 

16925iV 

16960^ 

17010 

17160 

17825 

1783ai 



70 66 

57 54 

70 64 

80 64 

70 64 
54 



52 
54 52 

72 64 
64 68 
64 68 
60 50 



the Wheel 


Nmnben of the PinieD 


th. 


Leaves. 


54 15 


8 


7 7" 


60 15 


8 


7 6 


64 15 


8 


8 8 


60 14 


8 


8 8 


60 16 


8 


8 8 


50 18 


6 


6 6 


52 18 


6 


6 6 


52 18 


6 


6 6 


68 15 


8 


8 8 


55 18 


8 


7 6 


55 15 


8 


8 6 


48 18 


6 


6 6 



7200 
14400 
14400 
14400 
14400 
17280 
17280 
17280 
17280 
17920 
18000 
18000 
18000 
18000 
18000 
18432 
20250 
21600 



The abore wereehieflj the traina of old watdiee. 

64 48 
64 64 



96 90 

96 90 

80 75 

54 48 

63 56 
72 64 
72 64 
70 64 
54 50 
60 48 
80 80 
75 64 
75 64 
72 64 

64 54 
80 72 



40 


15 


60 


15 


90 


16 


75 


16 


80 


15 


48 


15 


56 


15 


64 


15 


60 


14 


64 


14 


48 


15 


45 


15 


75 


15 


64 


15 


60 


16 


64 


16 


50 


16 


64 


15 



8 


8 


8 


8 


12 


12 1 


12 


12 1 


10 


10 1 


6 


6 


7 


7 


8 


8 


8 


8 


8 


8 


6 


6 


6 


6 


10 


10 


8 


8 


8 


8 


8 


8 


6 


6 


8 


8 



8 
8 
2 


6 
7 
8 
7 
7 
6 
6 
8 
8 
8 
8 
6 
8 



fiboiild Ibere be any trains required which are not in the Tables, the 
^^can supply this, by having recourse to the method which has been 
S^>«n to find numbers for wheel teeth, &c. 

Between the weight of the pendulum baU of a clock, and that of 
^ wei^ or moving force q>plied to it, there ou^t to be some sort 
^ proportion ; for, if the moving force is too great, it will tend to 
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increase the frictioii, 'and wear the machiiie fiiater out ; if : 
MtUe, the clock wfll not get well throu^ iriwn the oil gets ti 
jRmiI: The arc of vibntioii should have the sopplemeDtar 
aboutequal to the angle of 'scapement, the iialine of ndiich 
quire more or leas. The fiur greater immbor of docks have t 
ing force much more powerful than what is necessaiy, arising 
degree fix>m the trouble of getting weig^ to anjr specific m 
poottdsy or not having any rule to d^ermine what the weig^ 
given cylind^y &c of lead should be. It is for these retu 
we shall insert the rules and examples for finding this, .so as 
maker, when making trial with his clock, flbould give no mc 
the motive force requisite for the pendulum ; he should 1 
weights by degrees, until he sees that it has got the propor i 
which he finds to be, aa ii?e akaU muppaae^ 10 lbs., and he 
have a hollow cylindrical brass or tiii-plf^tip sheH, that ah 
exactly 10 lbs. weight of lead. Although, to find this, is a 
the mensuration of solids, it b nevertheless a subject requisil 
profession. 

A cubic inch of lead is known to wei^ 6 ounces, 9.()C 
avoirdupois ; now, by the simple Rule of Three, we may find he 
cubic inches will be required for 10 lbs. of lead. Say, if 6 o 
drams is cqu^ to one cubic mch, what nupiber of cubic in 
10 lbs. nequire? 



oz. 
6 


dr. 
9.08 


cub. in. 
.1 


lbs. 
10 


16 






16 



105,08 160 

16 



960 
160 



105.08)2660.00(24.362 cubic inches. 

Then, to find a hollow brass cylindrical shell of such a len^ 
diameter, as to contain the given number of cubic inches, 24. 
as near to it as may be ; a little will depend on practice, but, 
the trouble of computing tliis, a tabic will be given of shells 
fercnt capacities, and, consequently, of different weights. ^ 
the solidity of a cylinder in cubic inches, and decimal parts of 
inch : The rule is, multiply the area of the base of the cylii 
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On pei|[lbiid]Ciiiar height ; the product wiU be the solidity : Or, as 1 
b to 0.7864, (or, rather 0.7B5399,) so ia the square of the &tneter of 
tbe cjUnder, taken in inches, and parts of an inch, to the number of 
square inches, &c. contained in the area of the base, which number being 
multiplied by the height, taken in indies, and parts of an inch, will give 
the solid contents thereof in cubic inches, &c. 

8i|^O0e we have a cylinder, whose diameter is 2.25 inches^ and the 
hejl^ or dq»th 6.26 inches: Required the solidity ? 



The diameter 
Multiplied by itself 



2.25 
2.25 

1125 
450 
450 



Multiplied by 



Multiplied by 



The product 


5.0625 the 


square of th6 dialMter 


Multiplied by 


0.7854 






202500 






253125 






405000 




* 


854375 


• 



3.97608750 area of the base. 
6.25 the height 

1988043750 
795217500 
2385652500 



24.85054687508dlid contents incub. inches. 
105.08 drams in a cubic inch^ 



1988043750000 
1242527343750 
248505468750 



lbs. oz. 

2611.295465625000 drams = 10 3 

'^ cj^inder appears then to have been taken too lai^ in its di- 

'^^ODs. If we had taken one at 6.18 inches in height, and 2.24 

"^ in diameter, we would have come nearer to the required soHdity 

M* weight 

21 
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2.24 3.94082304 area of On 

2.24 multiplied by the height, 6. 18 

896 3152668432 

448 394082304 

448 2364493824 



6.0176 24.3642863872 cubic incb 

0.7864 106.08dr. ina cuU 



200704 1948342910976 

260880 1217714319360 

401408 243642863872 

361232 lbs. 

2669.148413666976 drs. = 9 

3.94082304 area of the base. 

This is brou^ as near as may be to 10 lbs. 

A cylinder, being 6 inches in height, and 2.6 in diameter: R< 
thesoUdity? 



2.5 




0.7864 


2.5 




6.26 square of base. 


126 




39270 


60 




16708 
47124 


6.26 








4.908760 area of base. 






6 height 






29.462600 contents in ci 


lbs. oz. 


dr. 




12 1 


6.86. 





lbs. 



Two or three more examples shall be given, with oval, in 
cylindrical shells. The sohdity of any body having an oval fo] 
be found by the following Rule: — Multiply the transverse, 
diameter, by the conjugate or short diameter, and the product by 
the product will be the area of the base, which, being multiphec 
hei^t, will give the sohdity or number of cubic inches. Th* 
verse diameter being 3.6 inches, and the conjugate 1.5 inch, th 
6 inches : Required the cubic inches, and weight of lead, to 
a shell? 
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ITransverae diameter, 3.5 .7854 

Conjugate ditto, 1.5 5.25 



175 39270 

35 15708 

— 39270 



5.25 



4.123350 area of the base. 
6 the hei^t 



24.740100 cubic inches. 

105.08 drains in a cubic inch. 



197920800 

123700500 

24740100 

Ibe. ox. dr. 

^nuns In a pound, 266)2599.689708(10 2 7 

The transverse diameter being 4 inches, the conjugate 2, and the 
bei^t 6.25 inches : Required the solid contents or number of cubic 
iK^obes? 

Traiigverse diameter, 4 drams in a cubic inch, 105.08 

^^njugate ditto, 2 multiplied by the cubic in. 89.27 



8 73556 

.7854 21016 

94572 

ve^ of base, 6.2832 31524 

height, - 6.25 .—-.._ lb. oz. dr, 

drams in a pound, 256)4126.4916(16 1 14 

314160 

126664 
376992 



^^^^bmc inches, 39.270000 

I^f* these examples were done by logarithms, they would be much 
^^^^. Having found the number of cubic inches, add their loga- 
nti^in to the constant logarithm, 9.6134202, the sum will be the logaiitfam 
of tbe number of pounds in the cubical inches. 

The constant logarithm 9.6134202 

Cubic inches, 39.27, log. 1.5940609 



16.1191b. = - log. 1.2074811 



« 

Pendulum balb are commonly eosnposed of two equal segmen to 
a sphere, fonning a lens, or a soit of lenticular shape, and the wc 
man, or those who may direct him, when making up the brass shi 
or covers for the pendulum ball, which are to be filled with U 
should know exactly the quantity which wiH be required to fill tfa 
otherwise they must make the pendulum either too light or 
heavy for that which may be wanted: and, without knowing ben 
hand, by calculation, to give the requisite dimensions for the cov 
they must be laboring, in some degree, at random. 

To find the solidity of the se^ent of a sphere. — Rule. To tl 
times the square of the ^radius of its base, add the square of 
height, and this sum, multiplied by the height, and the product a| 
by .6286, will give the soUdity* 

The diameter of a pendulum ball being 6.2 inches, and thicb 
2.1 inches: Required the solidity and weight of lead? Being c 
posed of two equal segments of a sphere, if we get the solidity of 
of them, doubling it will give the solidity of both. Here the ra 
of t^e segment base is 3.1 inches, and the height 1.05 inch: . To 
the solidity of such a segment? 

Height, 1.05 inch. radius of base, 3.1 31.429125 

1.05 3.1 ipultiply by the dec .5236 

525 
105 



of height. 


3.1 

93 

9.61 sq. of rad. 
3 times 

28.83 
1.1025 8q. of height - 


188574750 
94287375 
62858250 

157145625 


add 


16.4562898500 soUdity 
2 one 86] 

32.91257970 the two a 


multiply by 


29.9325 

1.05 the height. 



1496625 
299325 



31.429125 

TothecooBtantlog. - - - 9.6134202 
Add the log. of the solidity, 32.91257 1.5173617 



13.513 lbs. = - . . log. 1.1307819 

Let the diameter of the base of the segment be 6 inches, an« 
nght 1 inch: Bequiied the sohdity? 
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Square is 1. 



BadiuB d* tbe base, 


3 inches. bd^ 1. 
3 


Square of radius, 


9 

3tiiiies. 


27 

Add the square of height, 1 


Mubjify by Jieight, 


28 

1 


Iddpiy by the dec. ; 


28 
.6236 




41888 
10472 




14.6608 solidity of one segment 
2 



29.3216 ditto of both segments. 
To the constant log. - 9.6134202 

Add solidity, 29.3216, log. 1.4671877 

12.04 lbs. » • - lo|. 1.0806079 

The diameter of the base of the segment 6 inches, and the height .6 of 

minch : Requhred the solidity? 

Radius of the base 3 inches. height .6 

3 .6 



9 

3 times. 

27 

Aiiteaquare of the height 0.26 


26 sq. of height 


MoUply by the height 
Hnkiiriy by the decimal 


27.26 
.6 




13.626 
.6236 






81760 
40876 
27260 
68126 






7.1340600 sotidity of 
2 


one segment 



14.2681 ditto of both segments. 



IMUBXUIO or A COHB. 






9.6134202 
log. 1.1543660 

log. 0.7677862 



TCfj properly be formed of two equal 
a dwpe very fit for the purpose. An es 
and the Rule given to find the solidity c 



ttW^QfaQINH^ 

Tb Akl tlia mH eooteots of the firustum of a cone. — Rule, Mt 
iteUiaMilMsatlop and bottom into one another, to the product 
itei part of tka atioare of tiieir diflbience ; multiply this sum by J 
.^thu pfodttct ahaD be a mean areat which being multiplied by the 
hiMKM* the last product shall be the solid contents in a 
of tlia whole* in such parts, (as inches, feet, &c.) as the di 
laM^ttMt hiiglhl wwe taken. 



Let the greater diameter of the firustum of a cone 
iifc-jiir tlia haaar 4 inches, and the height 0.5 of an inch : Rec 



Greater diameter 7 inches, 
ditto - 4 

28 



jlkOkiikcimal 


31 

- .7854 




7854 
23562 




24.3474 
0.5 

12.17370 
2 



4N >»* 



7 

4 



3 difference. 
3 



3)9 square of difiT. 



3 third of sq. of c 



. 24.34740 
^NWlailtlog. - 9.6134202 
M^»|74log. - 1.3864526 



IMMT 



log. 0.9998728 
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Anotbor example will make the rule sufficiently plain. Letihe greater 
dnmeler be 7 inches, the leaser 8.6 inches, and the hei^t .7 of an inch : 
Required the solidity? 

Greater Diameter 7 

Lesser ditto - 3.6 7 

3.6 

24.6 

Add the third of square of diff. 4.083 3.6 difference. 



3.6 
28.683 

Ibhiply by the decimal - .7864 176 

—I 106 

114332 



142916 3)12.26 square of diff. 

228664 

200081 4.083 diird of sq. of diff. 



22.4490882 
lUtiply by the height .7 



16.71436174 solidity of one. 
2 



Cobicuiches - - - 81.42872348 ditto of both. 

Constant log. - - 9.^134202 

31.4287 log. . - 1.4973264 ^ 

12.904 lbs. « log. 1.1 107466 

Ahhou^ a sphere or globe is not a common figure for the bell of 
a pendulum, yet that shape is very proper for large turret clocks, where 
die pendulums are oflen exposed to currents of air or eddy winds blowing 
iD,iad up and down in the steeples. Su{qpose a pendulum ball or globe, 
6.75 in diameter : Required the solidity, and weig^ in lead ; to find 
die solid contents of a sphere or globe ? 

BmU. — Multiply the diameter of the sphere twice into itself, (which 
gives the cube,) and the product by .6236, the last product is the solidity 

required. 
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6.76 
6.75 



3376 
4726 

4060 

46.6626 
6.76 

2278126 
3189375 
2733750 

307.646876 
.6236 

1846281260 
922640625 
616093750 
1537734376 

161.0316437600 cubic inobes in the sphere. 

Constant logarithm - 9.6134202 
161.03164 - log. 2.2069112 

66.12 lbs. « - log. 1.8203314 

All other things in a turret clock, according with a length of pendulum 
whose vibrations are one in two seconds, a bail of 66 lbs. is not too 
much. The figures required in finding the soUdity of a globe are much 
abridged by the use of logarithms. 

The diameter of a globe being 6.75 inches - - log. 0.8298038 
which, multiplied by 3, will give the log. of the cube 3 

The Cube of 6.76 is 307.546875, the log. of which is 2.48791 14 

.5236, the log. of which is, add 9.7189996 

Cubic inches 161.03154, the log. of which is - - 2.20691 10 

The glass jar for a mercurial pendulum being 7 inches deep, and 
two inches in diameter, both inside measure, it is required to know 
what quantity of mercury will fill the jar or cylinder up to 6.4 inches ? 
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Find the solidity .as directed in the case for clock cylindrical weight 

tbells. t 

The diameter 2 inches 

2 

4 sq. of the dia. 
Multiply the square of the diameter by the decimal .7854 

4 



Area of the base - 8.1416 
Multiply by the height 6.4 



120064 
188496 



Solidity in cubic inches - 20.10624 

To the constant logaiithm for mercury, add the logarithm of the cubic 
inches, the sum will be the logarithm for the weight of mercuiy 



Constant log. for mercuiy - 9.6908563 
20. 10624 cubic inches - log. 1.3033306 

9.867 lbs. =: - log. 0.9941861 

Seeing we have used one cmistant logarithm for lead, and another 
b mercury, to be added to the logarithm of the cubic inches, to find 
the logarithms of the weight of lead and of mercury, it may be proper 
to Aow how these constant logarithms are obtained. To the arithmetical 
complement of the logarithm of 1728, (the number of cubic inches in 
a cubic foot,) add the logarithm of 62.5 lbs. (the weight of a cubic foot of 
poie water,) together with the logarithm of the specific gravity of what- 
ever metal or substance it is required. 

m inches, log. 3.2375437 a.c. 6.76S4563 .... 6.7684563 

Wei^ofa cubic foot of water 62.5 log. 1.7958800 .... 1.7958800 
fl^edfiegravity of lead 11.3523 log. 1.0550839 s. g. of mere 13.5681 log. 1.1325190 

Constant log. for lead 9.6134202 Const, log. for mercwr^ 9.6908553 

Wh^i any vessel is to be filled with lead, filling it first with pure 
inder,*the weight of which being taken, and multiplied by 11.3623, 

* Before pouring melted lead into a vessel which has been previously filled with 
water, it is requisite that the vessel be completely emptied of the water, and thor- 
M^hly dried. 

2St 
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the tpodSc gravity of lead, will give the weight of the lead irtiich Ae 
vessel will hold. If a glass jar for a mercurial pendulum be filled up 
widi water to any requued height, and the weight of the wat^ mul- 
tiplied by 13.6681, the specific gravity of mercury, it will give the 
weight of the mercury requhred. The foregoing rules, with the cases 
resolved by them, will appear not to be so neatly done as they mig^ 
have been ; but, had they been set out with such fonnulse and charac- 
ters as mathematicians are accustomed to make use of, they would 
have been wholly unintelligible to a great part of those for whom the 
rules are given. 

• 

For Exampk. To find the solidity of the frustum of a cone ? 

Put D =s greater diameter. 

d =s lesser diameter. ^ Theorem 

iii=.7864 ^X :D_Xdj« — DxdssS 

h = height or rather 

S«8oKdity. -3-X'D><dl'— I>Xd«S 

This to a mathematician is a very simple business, and yet with many 
a clock-maker nothing could be made of it. 



A TMe of variout liza of Cloek ueighU ShtlU, Iheh Ui^ha and 
Diamettrs gwm in Inches and Decimal parU of an Inch, wifft 
Aar SoUdtty or JVwnW of Cuine Inehet, and tht JVtenier of 
fomdM and Dteimat porta of a Potmd, aeoirdiipoia wngU, qf 
Uad rtquired to fU then. 



leasubinUcb- 


Ditto. 




Number of 


HiiU.dDecimBi 


Cubic iDchce, &c. 


Pounda, Weight 


PirtB. 




afL«d,&i. 


4. 


2. 


12.676 


6.161 


4.26 


2. 


13.351 


5.482 


4.6 


2. 


14.137 


6.804 


4.75 


2. 


14.922 


6.127 


5. 


2. 


16.718 


6-449 


S.25 


2. 


16.493 


6.772 


6.6 


2. 


17.278 


7.094 


S.75 


2. 


18.064 


7.689 


6. 


2. 


18.849 


7.739 


6.26 


2. 


19.645 


8.062 


6.6 


2. 


20.420 


6.384 


6.76 


2. 


21.699 


8.909 


6. 


2.26 


23.866 


9.796 


6.26 


2.26 


24.861 


10.203 


6.6 


2.25 


35.844 


10.611 


6.76 


2.26 


26.838 


11.039 


6. 


2.5 


29.453 


12.093 


6.26 


2.5 


30.679 


12.697 


6.6 


2.6 


31.906 


13.101 


6.75 


2.5 


33.134 


13.604 


6. 


2.75 


36.637 


14.633 


6.26 


2.76 


37.122 


16.253 


6.5 


2.75 


38.607 


16.852 


6.75 


2.76 


40.090 


16.461 


6. 


3. 


42.411 


17.414 


6.25 


3. 


44.178 


18.129 


6.5 


3. 


46.945 


18.866 


6.76 


3. 


47.713 


19.691 


7. 


3. 


49.480 


20.316 


7.25 


3. ' 


51.347 


21.042 


7.5 


3. 


53.014 


21.767 


7.76 


3. 


54.781 


22.503 


8. 


3. 


56.643 


23.219 
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CHAPTER Vra. 

On tl^e Eacapementj or ^ScapemetU ; and the discovery of the Pend^Am, 

toUh its appUcaiion to a Clock. 

The escapement is that part of a clock or watch connected with the 
beats which we hear them give ; and these beats are the effects of 
the moving power, carried forward by means of the wheels in the 
movement to the last one, which in a clock is called the swing wheels 
and in a watch, the baianee wheel The teeth of these wheels act on 
the pallets or verge, which are of various shapes, and which form the 
most essential part in a 'scapement ; the drop from each tooth of the 
swing or balance wheels on their respective pallets, giving one beat 
or impulse to the pendulum or balance, in order to keep up or maiD- 
tain their motion ; and were it not for the paUets, which alternately stop 
the teeth of the swing or balance wheels, the motive force would kave 
no check. Hence it is, that, by this mechanism of the 'scapement, 
the wheels in the movement are prevented from having their revolulions 
accelerated, which would take place to such a degree, as to make the 
machine run down in a minute or two ; whereas, from the resistance 
opposed by the pallets, it is kept going for twenty-four or thirty hours, 
for a week, or a month, or even for twelve months. In such clocks or 
watches, however, which, as a matter of curiosity, have been made to go 
longer than a month, there is less reason to expect an accurate measure 
of time, unless great skiU is displayed, not only in the execution, but also 
in their construction. 

No part of a clock or watch requires so much skill and judgment 
in the contrivance, and so much care and nicety in its executiout as 
that of the 'scapement; and none of the 'scapements of the present 
day require this more than the crown wheel and verge 'scapementt 
which, when nicely executed on proper principles, does extremely 
well for a common pocket watch : but this is a thing hardly now to be 
mot with. 

From the time of Dr. Hooke, and durii^ the last century, many in- 
genious contrivances for 'scapements were suggested ; but the number 
of those adopted in practice is very limited. The crown wheel and 
verge 'scapement is represented in Plate III. No. 17, where Y is the 
verge, and C the crown wheel, p p the pallets, and B B the balance. It 
is the oldest that is known, and must have been the only one used in 
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docks for several centuries previous to the middle of the seven- 
teenth, or towards ,the end of it Although it has been so long in 
ose, and so weH known to every clock and watch-maker, that its 
meiits are now overiooked, and held in litde estimation ; yet, if it is 
duly considered, it will be found to have been a very masteriy and 
ingeiuous device. The crown wheel and verge are of such an odd 
dttpe, that they resemble nothing that is fiuniliar to us; yet some 
aooeiit artist had contrived it for the purpose, (and it certainly wa$ 
» ingenioua thought,) to give an alternate motion to a plain wheel 
or cross, which he had suspended from the upper end of its axis by 
a string, whereas formerly it rested on the lower end of the axis or 
JiU piifoL This plain wheel was like the fly of our common kitchen- 
jkL In place of this circular rim or plain wheel on the axis, 
(here were some of them that had two arms, forming something like 
I cross ; on these were made notches, concentric to the axis, in which, 
Qi each arm, were hung a small weight ; by shifting these more or 
k« from the centre, the clock was made to go slow or fast From 
fa wei^tiness of this kind of balance, and the rude execution of 
fa work, the friction on the end of the foot (Mvot would be so great, 
fat it is probable there was some difficulty to make the dock keep 
gong for any length of time. Recourse was then' had to suspend 
fa balance by a small cord, so that the end of the lower pivot should 
Mt test on the foot of the potence. This ingenious idea has, in 
■odem times, been adopted both by Berthoud and Le Roy, who 
km had the balances, in some of their marine time keepers, suspend- 
«1 fay a piece of very small harpsichord wire, or by a very deUcate 
of watch pendulum spring wire. The mechanism of the move- 
of these ancient clocks is exactly the same as has been frequent- 
ly nade for an alarm. To construct this, and apply it to a clock, 
Afire was hardly a step to go ; and therefore, in all probability, the 
iamlion of the alarm part took place before that of the striking 
put, though some have thought otherwise. Berthoud thought so, as 
uppean by his having put the striking part as the prior invention of the 
two. 

In many parts of India, where public clocks are unknown at 
Ais ilay, they strike the hour upon a plate of silver, (or silver 
iDoyed with some other metal,) of a lenticular shape, about 18 
iocbes in diameter, and fonned from the middle of a thin square 
pbte of the same metal. The plate is hung by a double string, on 
« cross bar of wood, whose ends are supported on the tops of 
wooden posts fixed firmly in the ground ; and when the hour is in- 
dicited either by their sand-glasses, clepsydrse, or water dropping 
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16 vibrations, that is to say, 80 ; and this wheel makes 4 tunis*, for 

one of the wheel for seconds, so that the balance makes 120 vibia- 
tiMsinaminute, and 7200 inanhour; each of these vibiations, then, 
ii hilf a second of time, and the seconds hand makes two beats in a 

second. 

Hie mechanism of the alann part, which is rery simple^ is coo- 
taioedinthe second frame N 0, connected with that which encbses 
the wheel work or movement of the going part of the clock. 

The crown wheel P, or that of the 'sci^ment, cairies on its axis 
thepuUey Q, (of the saiHe kind as that on the going great wheel H) 
MBTOunded or overlapped with the cord which supports the weight 
Bfthe mover of the alarm, and its counterweight S. This pulley makes 
llond of click and ratchet work, with that of the wheel P for the wind- 
Bgup oi the weight R. 

The teeth of the wheel P 'sci^, with the pallets », o, formed on. the 
istical axis TY, whose kneed arm pp, 99, forms in «the hammer of 
the alarm. This hammer is in form of a small cylinder, the two ende 
cf which are shapedsomewhat like a hemispherical buttont or it is a cyl- 
irier of a larger diameter, with hemispherical ends, as seen at No. 19f 
ari strikes alternately upon the opposite inside edges of a bell, which is 
M( represented in the ^Aate. 

The aknn wheel P carries on its circumference a pin which serves 
toitopAe alann afier winding up the weight: this stop is made by 
Mns of die arm p, of the detent p, 9, r, put within the frame ccnnposed ef 
iedial-plate, and that of the back plate O of the alarm part To 
Mke the ddenHan of the alarm, there is placed on the socket of the 
havwheel, another socket which carries the dial of the alarm I, and a 
eooDter spring «, on which is fixed a pin, ^Hiich serves to raise the arm r 
of the detent p, 9, r; so that the arm p is drawn up from theiHieel P, 
lod ^Bengages the pin which it carries ; the alarm then sets off, and 
itrikes rapidly on the bell. 

b Older that the alarm may set off at die precise hour at which one 
viBts to be awakened, it is only turning the dial A of the alarm. No. 
^ 80 that the cypher of the hour required is placed under the small 
oidv of the hour hand. If it is wanted that it should give the alann at 
far hours and a half, place the dial as it is seen, No. 20. between the 
ciphers 4 and 5, &c. 

On comparing the alarm part of this clock, with the 'scapement- 
vofk in that of Yick's, the difierence may be said to be very little ; for 
i poHey, when put on the arbor of Tick's crown wheel, and into it a 
pin, akmg with the other apparatus which has just now been described, 
win truly ccnistitute what may be called an alaim. The mechanism 
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jf jB mmm part b gvntly improved bj making it in such a way aa we 
have done, and here it is actuated by a spring, in place of a 
a the foraier, not that this difierence is considered as any part 
o(*i^ ioipfiMPeinent The wheels are 72, 64, and 60, three pinioDa of 
:s ev^hl semi-circular steel Ufling pins, set alternately on each side of the 
«hK«l of MfWith two hammers and a bell to each, on separate and alei^ 
«kff bett-atiids; by this means, each bell retains the sound brou^ out 
v^* ii by its own hammer, and no jarring or confused disagreeable soft of 
Biwe can take place as in the o/d toayy from which, however, few or none 
i^' the modern alarms differ. The fly and its pinion will make 3.76 
lYW^iitioDS for the lifling of each of the hammers. A wheel of 48, in 
^^ico of 60, would give 3 revolutions for the lift The alarm barrel and 
9i|MUi|[ is put on, and inside of the fore-plate, the great wheel of 72 lays 
ncAT to the pillar plate, the fly turns behind the pillar-plate, and may be 
iudhk> Mmewhat like that which is frequently used for the quarter part of 
a i^K^'k ; that is, so as at pleasure it can be set to moderate the vekicity 
w^ the train of wheels, by extending the wings (or vanes) more or leas. 
'IV> k^mgth of the fly over all may be from 2.5 to 4 inches, the weij^ 
dkKmt 1 18 grains. If the main spring of the alarm makes four tunia in 
tlk> barrel, the time of the alarm running may be from a minute to 
tMo nunutos, according to existing circumstances. 

The o|iinion, viz. that the alarm part was a prior invention to the 

>utkiiig )>art in clocks, is strongly corroborated by the observations of 

tLuaUurgor, in Beckman's History of Ifweniions. ^^ These horologJA," 

:u^ icuMirks, *^ not only pointed out the hours by an index, but emitted 

i.Mt ii sound. This we learn from Primaria Instiluta Canonicorum 

l^yMMkOHakUmtiwn^ where it is ordered that the sacristan should regu- 

U'A^ iho horologium, and make it sound before matins to awaken hiVr. 

I t^^Aiv nut, however, venture thence to infer, that those machines an- 

tt«Mim^>d the number of the hour by their sound, as they seem only to 

ivAu' ^tvva uu alarm at any proposed time of getting up from bed. I 

^.4\\^ uhhHHl never yet found an author where it is mentioned that the 

muuUNf i4* the hour was expressed by them ; and when we read of 

\CkHi «Hiuttiug a sound, we are to understand, that it was for the purpose 

.*i A>fkWk\HUi^s the sacristan to prayers. The expression horologium 

^*^mi^ \khKh iHHnirs frequently in the before quoted writers, I consider 

ex AU«A»ft\«« to this sounding of the machine. Du Frcsne, in my opinion, 

.xMk^tWw^v^l kijinihf^iMti, mistakes the expression, de ponderibua in 

.MH« UifcywVt Uh'uusu die machine was then at rest, and could raise 

N^s^K"^ tki^ wM'rUuiiu or luiy one else, whose business it was to beat the 
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l^hen tn ahrm is set off* the weight vAdch is the moving fovee of k 

soon fidls to the bottom, and then the alarm ceases. 

attempting to make the first 'scapement, there can be little doubt ttil 

somedung o( the circular or cylindrical kind was contrived or discoverad* 

«uid the only thing which could give U an alternate motion, was eilher a 

spiral epring or a pendulum ; but these thin|^ being then unknown, tka 

olodHoaker was obliged to seek after other methods* and at last prodnead 

tbe orown wheel and veige 'scapement How came it that means so 

ctfxnplicated were taken, when those uriuch were more simple and beltar 

wereoverlodcedt ' 

It is a verj singular circumstance, that as a small ball or weig^ 

wrlieD aoiqperided by a slender thread, and drawn a little aside fimm 

^lie perpendicular, on being let go, continues to vibrate finr a considerar 

Ua time, and with the utmost regularity ; and as many tilings in dqama^ 

tio fife were hung up or suspended by strings, and were every day 

seen or observed ; yet so long a time elapsed before any thing of Urn 

kind was ever thought of, or applied to r^^ulats the motion of a 

doek I It is saki that Galileo took his idea of a pendulum (rem tho 

nMHMi of a lamp suspended from the roof, or ceiling of a ehurcli» 

^ludi had been accidentally set a vibrating. He used the simple pen^ 

didun, in his astronomical observations, long before it was applied to a 

^^look. I^ome of the eariier astroncmiers, as well as CkJileo, used a 

OotBBion string and ball, wluch they made to vibrate a Iktio whfle 

during the time of an observation of any of the heavenfy bodies) 

^^tien these astronomers did not think of its iq)pUcation to docks* 

^^mj watch-finishers, when their watch is finished, far wuU rf a 

eloch^ regulate it by means of a baU and string, which will 

very well, by taking 60 vibrations of a pendulum, whose oseil* 

^^ioDs are made in a second, in the same time that the contrate wheel 

^^ t common watch ou^t to make one revolution. 

Ab g ravi t ati on is the principle on which the isochronal motion of a 
I^^tidiihmi is founded, it cannot properiy be considered as an invantionf 
^ some have called it, whatever name may be given to it when 
H*|3lied to regulate the motion of a clock. The pendulum havnig 
*^^C)ra this be^i long known in its simple state, and used as a sort of 
^*tie4neasurer, it was no wonder that the idea of a|^lying it to a dock 
^^^n entwtained by several persons neariy about the same period* 
^^«ie movement of the ancient balance clocks was not adapted for the 
H^phcatkin of the pendulum, so as readily to give motion to it The 
^hedsin them were all flat ones, except the crewn wheel, and no 
^^tl^er 'scapement at this time was known but that of the crown iriwd 
^^^Ul ntg/d ; flo that, widiout considerable diflknlfy and inventmn, 

23 
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the pendulum could not weU be appUed to this construction of a clock 
movement The pocket watch had been made a confliderable time 
before diis, and the construction of its movement, which had a con- 
trate wheel in it, would naturally lead them to that of one wbkh woidd 
adapt itself to the motion of a pendulum, as by means of the c o idfate 
wheel, the aibor of the crown wheel could be made to stand in a vertical 
position, whereas, in the old balance docks, the position was horizoolaL 
Galileo seems eariy to have discovered the properties of the pendnhmi ; 
it has been said, as eariy as towards the end of the sixteenth ceuluiyt 
and their investigatton long after that was prosecuted with great sooceM 
by Huyghens. 

The son of Galileo iqiplied die pendulum to a clock a! Tenice» in 
the year 1649 ; but to v/bai sort of a movement we cannot pretend 
to say, though we suspect, from that want of success which aeeaw to 
have attended his trials, that he had not adopted the cmntrate wheel 
movement, ahneady mentioned, as the most proper for it We knoir 
that Huy^iens made use of this sort of movement, as the only 
one fit to be regulated by the motion of the pendulum, which he had 
also applied. Of late, another candidate for the appHcatioa of Hm 
pendulum to a clock has been brought forward by such respectable an- 
thority, that leaves little or no room to doubt of its authenticity. 
Mr. Grignion informs us, '^ that a clock was made in 1642, by Rich- 
ard Harris of London, for the church of St Paul's, Covent ChudeUt 
and that this clock had a pendulum to it" It iqipears, firom un- 
questionable evidence, that Galileo, mathematician to the Grand 
Duke of Tuscany, first discovered the properties of the pendulum^ 
used it in his astronomical observations, as has been already meiH 
doned, and wrote a tract explaining its principles. This tract was 
translated firom the Italian into French at Paris, printed in 1639, in a 
duodecimo volume, and sold by Pierre Ricolet Galileo intended to apply 
it to a clock, but this he never put in execution. Father Alexander sajrs, 
'' that they had nothing better than the balance clocks in France untU the 
year 1660." 

It may be observed, that the apphcation of the pendulum to a clock, 
and of the spiral spring to the balance of a watch, were the greatest im- 
provements that could possibly have been made in the machinery of time- 
measuring, and they both happened to have been brought into use nearly 
about the same period. 

Seeing that Daniel and Thomas Grignion had been watch-makers 
in London as early as 1740, if not before, were long afterwards iu 
great repute, men of integrity, and great ingenuity, especially 
Thomas, who has left us in such a positive manner this account of 
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HanVs pendulum clock, that a doubt of tho fact cannot well be admi^ 
tad; and although it had not till of late got any kind of publicity, yet 
Oia cannot be a sufficient reason to make us withhoM our assent toit 
Galileo had published an account of the nature and properties of the 
pendiitom a few years before Harris's clock was made, who may have 
bjaomemeans got hoM 'of it, and, being a dock-maker, mi^ veiy 
raadfly 611 on the way of apfJying a pendulum to his clock. Inigo 
Jones was the architect for the church of St Paul's, Covent Garden, 
fan had been twice in Italy during the time that Cralileo flouriahedt 
mdpofsiblymay have communicated to Harris what he mi^t have 
heaid in Italy of a pendulum. 

Justus Boigen, or Byrgius, a Swiss, who was allowed to bo an ex- 
eeOent mechanic, as well as a profound mathematician and^astrono- 
■MTtissaidto have put a pendulum to a dock, and this at a consi- 
dsnbfe time before that of Harris's. Being much engaged in making 
phflonfiliical and mathematical instruments of various kinds, b» 
■ay probably have seen the nature of a swinging body or pendu- 
and adiqptedit to his dock; or he may have heard of what had 
dona or published by Galileo, who was well on in the vigor 
of life aomewhile before Tycho Brahe came to Prague. 

The evidence for this, as will be seen in the sequd, surely cairies. 
doogwith it such a degree of respect, that there seems to bene nK 
tional ground to refuse or deny it 

Berthoud has a train of arguments against that of Boigen having 
•fpKed the pendulum to a dock, yet says, ^^ considering his great 
Mties, it is not improbable, but from not having published it, he 
imot entitled to the iperit of it" The aiguments used here against 
Bngen may come equaUy so to Hcuris. *^ That because a pendulum 
dock was not known in France before the year 1660, it is not likdy 
datitcould have been applied any where else, for any length of time 
Mae this period," — ^ that so great an improvement as this is to a 
doek could not feii to be soon and widely spread abroad" It may, 
kweter, be remarked, that there are many things of great utility,, 
tbt get diffiised but very slowly and gradually after the discovery. 
WtiA^ewdimgt far fiutofice, was practised, as a trade, in London 
a0iriy an hundred years before it was introduced in Pads, or even 
Geneva, the native place of the invention. Indeed, this art was so 
hug established in London, that most of the watch-makers there 
thou^ it an English invention, at least we found this to be their 
(eneral opinion in the year 1797, when in that dty, on a de- 
pabrtion from Edinbuigh for effecting the repeal of the watch 
tn Jttt In coRoboration of this, we shall ^psert what has been 
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said on die subject by & Very eminent Frmieh author. ** Nous 
finiroasy en annonisani que les Cit Mole et Magnm» artieteB de Go* 
igBte, ttui avoient iravailfe ^ Park, cheE le Cit Berthoudt ont eaw- 
^ttf^e en 1T98, une montre marine, qui a 6t6 eproiivi6e a?ee le ploi 
gmtid euiBede dans Pobaenratoire de Gendve, (BiUiolkiqnB BriU mm qm^ 
ASL 7.) lb y fimt usage de Part de percer les ruhis, ancieHnemeni 
poitft de Ckn^ve en Angietenre, et qulls ontappiit dn Cit. Malteli qui 
avcrit travj^tt^ k Londrese hes Hatlay, possesseur de oet art; le CiL 
Loub Bertfaoud se Pest ausn procurft.'* Yoyes, Hittoirt ds^ Mmlkhm 
i%Mkt pat J* jEL JUbnteclik Tomequatritaie, p. 668. A FiriB,]|fli 
1802. Whicli» in En^ish, is this, «« We shall conclude by meBtteiiinf» 
tiial the chiaens Mole and Magnin, artists of €rmieva« who had pr a cti se d 
atPaifswith citiBeD BeHhoud, made, in 1798, a marine (time-kee^) 
watch, wUeh has been tried in the Observatory at Geneva, vAenil 
gave Satis&otoiy jvooft of its great regularity. (BibUathifiiB Jti'fti 
fAquof An* 7^) In it they made use of the art of piercing rubiea, ftr- 
mtely tarried fix>m Geneva into England, in which they had been tan§^ 
by citicen Mallet, who had worked in London with HarUj, a waleh- 
jevirellef tibere. Citiaen Louis Berthoud is also a maste r in this branch 
of watch-making. See 77^ Hiitary of Maikemaiic$j by J. £• Moa^ 
tuda, voL iv. p. 668. Pbris, May, 1802. — We knew Harleg to he oh 
ejtctUerU maker of niby cyUnden^ having frequently employed him m 
that way* 

With regard to the pendulum docks of Borgetiy Harris, and even 
those of Huyghens, they all had the old crown wheel and verge 'scape- 
ment, and pendulums of ho great length, consequently their predsioa 
of time-keying was not so great as to attract, or much interest the 
attention of astronomers or of artists, unless in so far as the latter were 
professionally interested. 

" Among them,'' says Derham, " that have ckumed the merit of 
the invention, the great Galileo hath the most to be said on his side. 
Dr. John Joachim Becher, (who printed a book when he was in £ng-> 
land, entitled, De f^ova temporis dimeiiendi ratione TheoriiBj &c. 
which he dedicated to the Royal Society, anno 1680,) he, I say, teUe 
Ud, * that Count Magalotti (the Great Duke of Tuscany's resident at 
the Emperor's court) told him the whole history of these pendulum 
clocks, and denied Mr. Zulichem to bo the author of them. Also, 
that one Treffler (clock-maker to the father of the Great Duke of 
Tuscany) related to him the like history : and said, moreover, that 
he had made the first pendulum clock at Florence^ by command of 
tho Great Duke, and by the directions of his mathematician Galileus 
a Cralileoi a pattern of which was brought to Holland. And fiulfaer 
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lie nitfa, diat toe Caapar Dcmi^ a Fleimiig« and mathematician to 
Mm PkXip a SchmAm^ (tbe hte Elector of Mentz), told hkn 
tfiatheliad seen at PFBgue« in the time of die Emperw Rudolphiu, 
<irilo raigiiad from 1676 to 1619,) a pendulum dock made by the 
Amooi Jnatoa Borgen, knechanic and dock-maker to tke Emperort 
dock the great Tycho Brake used in Ua aatronomical obaer- 



An epitome of dua cdebrated aatronomei'a kiatoiy ahall be giveiif 

mm it tandSf in aome degrect to eonlinn tfaia account aa given by Be- 

«kai^ DeAam, after StunniuBy aayai ^that Ricdofi firrt made uae of 

I— ilidmna to meaaore time." Thia aeema to be inconecty aa Cralileo 

fc»wdie p r op e rtiBa of the pendulum even before BkdoH waa bom. See 

JMbai'a AttUieid Ctoc&-fiuifar» Having given a hiatoiical detail 

tf Aa fini pendulum clocks, it b left for the reader to judge for himaelf^ 

vko^ il ia hoped, will alao ezcuae any repetitl6na that knay have 

MBORodt aiianig fiom causea which are noinae neceaaaiy to be eiqdaia- 



Xfdio Brahe having attained, by hia aatronomieal labors, ao much 
and fame, aa to draw upon him (during die minority of a young 
i) tba envy cS a few iUibend courtiers of Denmarii, viiio got 
tai removed fiom his observatory and place of residence, which he 
kid erected on die small island of Huen, in order to deprive him of 
Aa power of prosecuting his observationa ; he came then to Copenhar 
gOB, and had not been long there, when, persecuted by the aame blind 
nKpity, he was ordered by the minister to desist from his astrono- 
naed and chemical pursuits. It waa these circumstances which led 
knu to Plague in 1699, where Rudolphus, who well knew his merits, 
laliouiaod him, and gave him a considerable pension, and a castle, at 
iie milea distance, for himself and fiunily to ledde in. It must have 
ben at diia period that he used the pendulum clock, said to have 
been made by Justus Borgen. But he did not live long to en- 
jof the generous appointment of the Emperor Rudolphus, being 
veiy suddenly carried off by an acute diseaae, induced by an over 
ttcBcy in a retention of water, in the year 1601, and in the fifty-fifth 
jwrof his age. 

Description of Hvyghena^ Clock. 

Plate IV. No. 21, represents a view of it in profile ; A A, B B, 
lie two plates placed vertically. They are 6 inches in height, and 
2 iodiea and a half broad, and connected together by four pillars 
phoed at the angles. The height of these pillars is one inch and 
t kK die pivots of die arbon of die prindpal wheels run in dieae 
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plates. The first iriieel maifced G has 80 te^ and 2 inches and a 
half in diameter; it carries on its aibor a puUej D) whose convoL 
edge is fiunished with sharp steel pcMnts, to prevent the cord wUdk 
laps over it firom slipping, and to this cord two weights ara »**«i^itd| 
as shall aflerwards be explained. The iHieel C then receiver ili 
motion by one of the wei|^itB» and communicates it to die pinkm B 
of 8 leaves, and consequently to the wheel F of 48 teetti, which Ihs 
the same aibor as the pinion. The wheel F drives the pinioii 6t 
and the contrato wheel H on the same arbor with 69 having 48 faedi. 
It is fipom the last wheel that the [Mnion I and the iriieel K reoeivo 
their motion ; the (anion I is of 24 leaves, and the wheel K 15 teeO^ 
inclined as represented in the figure. N Q and P are two codoi 
fixed on the plate B B. The extremities P and Q of the two codbi 
carry the pivots of the verge L Bf, and the projecting part of the 
cock Q is pierced with two holes, one for the travem of the rage 
L M9 die other trtuch receives the uf^ier [avot of the arbor of the 
wheel K. The arbor, or verge L M, (which also crosses the plala 
B B,) carries the two pallets L L, wl^ch must be alternately iiised» 
in contrary directions, by the teeth of the wheel K. The part M 
of the verge L Bf, which goes outside of the finme, carries dke fiaik 
S, between which passes the rod Y Y of the pendulum Y X, suik 
pended by means of two threads between the cydoidal cheeks, of 
which T is the profile, but seen moreover in perspective in No. y, boA 
show sufficiently how the whole is connected. 

Moreover, here is what regards the disposition and going of the 
handa; g g'is a third plate, and parallel to the two first, distant a 
quarter of an inch from the plate A A. Through the centre of tbs 
dial, traced on this plate, the arbor of the wheel C is lengthened out 
On the dial are traced two concentric circles, one divided into 12,. tbs 
other into 60 parts. On the arbor of the wheel G, and outside of 
the plate A A, the canon or socket of the wheel a is put on spring 
tight, and goes as far as e through the plate g g, and can turn with 
the wheel G, or, independent of it, when thought proper to make it 
do so, it is at the point e, where the minute hand is put With regard 
to the wheel a, it drives a wheel b of the same number of teethe 
whose axis carries a pinion of 6 leaves, one of its pivots run in the plate 
A A, the other in the cock c, screwed on to the plate A A. 

Lastly, this last pinion leads the wheel d of 72 teeth, whose socket 
goes on that of the wheel a, coming below «, and passes like it 
through the plate g g ; the end of this socket carries the hour hand^ 
which is a Uttle shorter than the minute hand. With regard to the 
seconds, to avoid confusion, the arbor of the wheel H, which is pr^ 
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longed as far as the plate g g*, carries a dial // divided into 60 partSf 
ivfaich tarns in the same time as the wheel H, and an index g fixed 
to Ills upper part of the opening made on the plate g g, marks die se- 
CQodsv according as the divisions pass* 

Itshdl now be shown, in what way the going weig^ was applied 
hy Hnjig^ieiis, so as to keep the clock going during the time of wind- 
ing op, a contrivance, says he, hitherto not thought of, and which de- 
served some consideration. The cord which is used here is continuedy 
ttat is, its ends are joined togethm*, and hence it rnxj be called 
ueodless cord* It is first passed over the pulley D, attached to the 
poitwfaeelC, (or its representative A, No. 23,) from whence it ccmies 
iofVB, and takes in the pulley i2, (of the main wei^tP) passing un- 
fa it and carried upwards, it passes over and takes in the ratchet 
foiky H, which turns on a stud, fixed to the inside of the back plate 
tf the dock firame* From this pulley the cord comes down, and goes 
■der die pulley f, which carries the counter weight p, in order to 
inrcnt Ike main weight P from descending, (otherwise, tfian whea 
■kbg die pulley D, and the great wheel C to turn,) and lasdy, fifoin 
fe pulley ft the cord returns to the first pulley A or D. The ratcb- 
(tpilley H, like D has jagged steel points inserted in the bottom of 
fe groove, besides having a dick and spring to prevent its turning 
h c k w aid ; and can only turn one way, by pulling down the cord at 
«,vheait is wanted to raise up the main weight P. It is clear by 
liiwy, diat the main weight P, exerts only half of its force to turn 
fenhed work, and this effort is not suspended during the time that 
te ping wei|^ is brought up. This, we may observe, is the first 
Hijfcalion of a going woric in time of winding. See Horhgtium 
OtAiorium. Paris^ 1673, p. 5. Or Huloire it la Misure dm 
tkmpt par ks Harloges^ par Ferdinand Bertiumd, Tome premier* 
it Pm, AnX* {16(S2V. S.) 

h some of the old Dutch striking clocks of 80 hours going, an 
voAeiB cord went over, not only the pulley of the going part, but also 
oiw diat of the striking part, and one weight served for both ; the 
nidJBg up was, by pulling down the cord from the striking side, 
fc pdley on the great whed there having a circular steel st^ spring, 
fcitep butted against the crosses of the wheel, when the force of the 
idgbt was applied, but passed them fredy when winding up* 

Notwidistanding the application of the pendulum, and the ingo- 
oioBB ccmtrivance of cycloidd cheeks by Huyghens, in order to make 
the long and short vibrations be performed in nearly as equd times 
ttpoflsible; yet these clocks did not keep time with that correctness 
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which was ezpectod. This arose from the great extent of the are 
of vibration, the li^itness of the penduhun ball, the great dammiom 
which the clock had over the penduhinif and the bad efiecta piodnced 
by the cycloidal cheeks, which, however excellent in theory, were never 
found useful in practice. 

This led artists and amateurs of the profession to think of ftrtber 
means of improvement Accordingly, about the year 1680, a clock 
was made by W. Clement, a dock-maker in London, having, in plaoe 
of the crown wheel and verge 'scapement, a 'scapement which mm 
neariy the same as the common recoiling (me of the present day. The 
swing vrfieel S W,Flate lY. No. 23, was flat, havinga sort of ratchalor 
saw-like teeth, and the pallets PP,had a remote resemblance to die head 
of an anchor, by which it acquired at that time the name of the anchor 
^scapenunL The ball of the pendulum was made much heavier Ana 
what form^y had been used, the arc of vibration much shorter, and 
the motive force much less. From the excellent time-keeping of (he 
clock, this was found to b^ a great improvement, and hence tfais'seap^* 
ment was afterwards generally adopted. It passed into Holland, Ger> 
many, but was hardly known in France until the year 1695. See 
Htstoire delaMimre du Tempa^ torn. i. p. 100. 

At the time this clock of Clement's appeared. Dr. Hooke dainied 
the invention of it as his, and affinned, that after the great fire of 
London in 1666, he had shown to the Royal Society, a clock with 
this veiy 'scapement *^ Considering," says Sully in his Hiatoire dm 
Echappemeru^ ^ the genius, and the great number of fine discovericB 
of this excellent man, I see no room to doubt that he was the first in- 
ventor of it" The pendulum with this 'scapement had received the 
name of the Royal Pendulum. 

Robert Hooke came to Oxford as a poor scholar, and broug^ 
with him a number of mechanical nick-nacks, which ho had made at 
home. His mechanical genius soon made him known to the members 
of the Invisible Society there, who employed him to work for them« 
making apparatus for their experiments. Dr. Ward, afterwards 
Bishop of Salisbuiy, took a liking for him, and instructed him in 
mathematics and astronomy. He urged him to try his mechanical 
genius in contriving a 'scapement for a pendulum. It would appear 
that they found that the 'scapement for a balance, which had ]ong 
been in use, did not answer, probal)ly ))ecause it required very wide 
vibrations, which were found to be not so equable as required ; and 
Hooke invented this some time before February 1656; forthero aio 
observations of a solar eclipse made in that month, at Oxford, by a 
pendulum dock. 
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Hooke's father was a watch-maker at Bayeswater, in the Isle of 

Wiglit, where he had probably been taught to work. The contrivances 

and inventions of Hooke are numerous, and all of them very ingenious. 

A catalogue of them has been selected from his works and others* 

by the late Professor Robison, who was a great admirer of his inge- 

miitjry and is inserted in the Supplement to the third edition of the Ency- 

dopedia Britannica, under the articU Dr. Robert Hooke. His 

researches were much the same as those aflerwards pursued by the 

imiiiortal Newton, whose prototype he seems to have been. He also 

proposed to make a clock to register the changes in the barometer. 

Gununing may have taken up this idea of Hooke's, having made a 

kranetrical clock for his late Majesty King George the Third ; though 

das 18 not mentioned in the Supplement, yet it is said to be one of 

Hookers inventions, as stated in the Professor's manuscript Catalogue 

•f tliBiny in our possession. 

Dr. Hooke's claim to the merit of the invention of the anchor pal- 
ht 'scapement, appears to bo completely confirmed by the silence of 
Udi in his Harological Diaqmsitiona^ which were published not 
ray kmg afterwards, who then, and who is the only one that has 
flMOtioned several improvements applied to a clock made by Clemeni^ 
kt lakes no notice of the anchor pallets, a thing at that time (1680) 
10 new, and which, from their veiy construction or figure, could not be 
■ed without adopting the consequences to which they would naturally 
hid| viz. the pendulum rod to be longer, the ball much heavier than 
lint was used before, the swing to be shorter, and the moving power 
less* Mr. Smith must have known that the anchor paUets 
die contrivance of Dr. Hooke, otherwise he would have described 
knii being the panegyrist of ClsmerU^ and, as a clock-maker, very 
cqiUe of doing so, knowing well it was on them the whole improve- 
MDt hinged. The following is an extract from his little book : ^At 
hmlh, in Holland, an ingenious and learned gentleman, Mr. Chris- 
tint Hogens by name, found out the way to regulate the uncertainty 
tf its motion, (that of a clock,) by the vibration of a pendulum. From 
Holuid, the fame of the invention soon passed over into England, 
when several eminent and ingenious workmen applied themselves to 
ttdSfy some defects which as yet were found therein ; among which 
te eminent and well-known artist, Mr. WUHam Clement^ had at 
hit the good fortune to give it the finishing stroke, he being the real 
CQiitri¥er of that curious kind of long pendulum, which is at this day 
M mnversally in use among us ; an invention that exceeds all others 
yet known as to the exactness and steadiness of its motion, winch 

24 
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proceeds from two properties peculiar to this pendulmii ; the one i 
the weigfatiness of its bob, and the other the little compass in idAc 
it plays : The first of these makes it less apt to be commanded by tt 
accidental difierences of strength that may sometimes happen in tl 
draught of the wheels ; and the other renders the y&rations moi 
equal and ezactt as not being capable of altering so much in ih» di 
tance of the swing as the other kind of pendulums sre^ which &^A 
laigery and, by consequence, a less constant compass*'' 

Lepaute is also of Sull/s ofHuion, and thought that Dr. Hod 
had the best title to the merit of the invention. That he isYcnted the « 
chor pallets must now q>pear unquestionable ; and there can be fitde* 
no doubt that he i^iplied the long pendulum rod, and hea:vy ball* who 
short arcs required but a small force to keep them up. 

Ciemeni, being an ingenious clock-maker, may have been(ofliis pv 
fesaion) the first who made and sent a clock of this description abvoi 
to the public : this was about fourteen years afler Dr. Hooke had shoi 
&» to the Royal Society. It is singular that neither Smith nor Deritti 
who were cotemporaiy with Clement, take the least notice of the pi 
lets w^dch were at his clock ; mentioning the collateral circumaiBnc 
only. 

The dead beat 'scapement of Graham's next succeeded, wbiA was i 
vented some time before the beginning of the eighteenth century ; t 
principle of it in the horizontal watch was adopted in the pallets of a do 
'scapement, which has continued to be the one generally used in regul 
tors or astronomical clocks, with a very few exceptions. 

About ten or fifteen years afterwards, it came to be known 
France, where it was adopted as the best for clocks intended 
measure time accurately. Lepaule^ a very ingenious watch-maker 
Paris, produced, about the year 1753, or some time thereabouly 
'scapement founded on that of Graham's dead heat one. In I 
paute's, the real of the teeth on the pallets was always wi^ t 
same efiect, because it was on the same circle, whichsoever of the p 
lets it rested upon ; and the impulse was always the same on whic 
soever pallet it was given, the flanches of the pallets being pki 
equally inclined, or having the same angle. This was, no doubt, soi 
improvement on Graham^i ; but the teeth of the swing wheel in I 
paute's consisted of sixty small steel pins, thirty being arranged 
each side of the rim of the wheel ; and where pin teeth are used, i 
which is 'm some degree necessary, cannot easily be kept on them, i 
attraction of the lim of the wheel constantly draining the oil fri 
these pin sort of teeth, an evil which is perhaps not easily to be ( 
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te baltsr of^ imhss by using stiHie pallets and hard "tempered ated 



Ducr^Uan of Lq^tmUU SeapemenL (Plate Y. No* 27.) 

Qnan aibor F, or what la called the verge in a clock, are fixed two 
piletanna, of such a shape as represented in the figure ; the arm 
6 A« 18 behind the swing wheel* Uie other, H B i2, is od the offt^ 
otB ade, and the acting parts are at such a distance from each other 
ai JHt to allow a proper freedom for the plane of the wheel Jto pais 
ktiwnthem; the arm 6 A must be filed away at O, so as to dear 
^topa of the pin teeth on that side of the wheel : one of the anps 
iiiiveted fast to the socket which connects th^m with the aibor, the 
ok must be aUowed to turn about, (thou^ with difficulty,) soaa 
tkapsDet flanches can be cfet <Mr made to any angle required. TImi 
psIiE I, L S, of the pallets, are arcs of a circle, whose centre is at 
T,adin the same plane with that of the wheel teeth, it is on them 
Aitflieyrest during a part of the times of ascending and deseendiQg 
of Ala pendulum ; the acting parts are the inclined planes I e, L d, 
kf BMois of which the teeth of the wheel give impulse to the pendu* 
Ibl The white pins :i; y, are on this side of the wheel : the pine 
AS, are on the other side, placed alternately with each other : There 
mthree faint traces of circles drawn on the rim of the ndieel, for tihe 
pvpose of arranging the pin teeth properiy ; the acting part of the 
lUto teeth are on the inside of the middle circle, that of the darker 
teA are on the outside ; by this way the impulses are given quite 
flfal by. all the teeth, in so&ras regards their efiecton the pendu- 
1^ and the efiect during the time of rest may be said to be the 
*una ; the teeth have one half of their diameter or thickness taken 
*aty, so as to allow the pallets to get dear more instandy at the time 
<)f dropping from them, than they could otherwise do, were the pin 
^oelhleft wholly round. 

The wheel turning from « towards t, by the force of the going 
^'^BJiJht, the teeth on this side of the whed meet the inclined plane 
I'd^and pushes ittowardirB; by this the pdlet 6A e, which is on 
v6 opposite side of the wheel, advances under the next coming on 
^ooth a ; at this time the point v having escaped fix>m the point d, 
*^ the paUet arm G A continuing to go on that side, by the impul- 
*oa given to it by the pendulum, while the tooth ti is on the concave 
titular part R, which is the arc of rest The pdlet arms being 
i^wigfat back towards the side A, by the descending oscillation of the 
P^Bdnlum, the pin k, which rubbed on the arc R I during'the tone of 
'H immediately meets the inclined plane I e, on which itaate as 
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the- tooth V did on the plane L d, but in a contiaij directioii* in 
pushing the pallet anns from e towards A, until the following or moBt 
tooth finds itself on the constant arc L S, to re-descend from it upon 
the inclined plane L cf, and so on. It may be remarked, that 60 taedi 
in the swing wheel are necessaiy in this 'scapement, whereas, in ordi- 
nary 'scapements, half of this number serves the same purpose, which 
is oj^vious, because in the ordinary way each tooth gives impube to 
the pendulum on both sides : but in this of Lepaute's, 30 teedi giv« 
impulse only to the pendulum on one side, and 30 to the other atide. 

Notwithstanding the seeming superiority and great chaaacter which 
the dead beat 'scapement had long acquired over that of the reeoUmg 
one, represented Plate lY. No. 26, this last, however, had its partianB, 
and among them were artists and amateurs possesed of firsMate ta- 
lents : Pjrofessor Ludlam of Cambridge, Berthoud, Smeaton, and 
others. Harrison, indeed, alwajrs rejected the dead beat 'scapemieiil 
with a sort of indignation. The author of the Elements of Clock 
and Watch-making has said a great deal in favor of the deed beat, 
and as much against the recoiling 'scapement, without having shown 
in what the difference consisted, or what was the cause of the good 
properties in the one, or what were the defects in the other. It ap- 
pears doubtful if these causes were known to him ; indeed, from his 
book, it may fairly be presumed that they were not, at least at the 
time it was written ; yet he was deservedly allowed to be a man 
great talent in every respect, and of considerable genius. Whence 
pallets are intended to give a small recoil, their form, if properly made, «• 
diiTcPB very little from those made for the dead beat, as may be seen m 
by the dotted curve lines on the dead beat pallets in No. 26. The ^ 
circular parts of the dead beat pallets are dra^^ii from their centre oA^ 
motion r, those for recoiling pallets are drawn from points eccentric to ^z 
that of their motion. 

We shall endeavor to point out the properties and defects natu— — 
rally inherent in each : — ^WTien the teeth of the swing wheel, in the ^ 
recoiling 'scapemcnt, drop or fall on cither of the pallets, the panetF,«- • 

from their form, make all the wheels have a retrograde motion, oppos 

ing, at the same time, the pendulum in its ascent, and the descent ^ 
from the same cause being equally promoted. This recoil or retro- - 
grade motion of the wheels, which is imposed on them by the re-ac- 
tion of the pendulum, is sometimes nearly a third, sometimes neariy 
a half or more, of the step previously advanced by the movement. 
This is perhaps the greatest or the only defect that can property be 
imputed to the recoiling 'scapement, and is the cause of the greater 
\v( taring in the holes, pivots, and pinions, than that which takes pUuce 



DUD BUT AND BXCOILIHG 'SCAPXIIXIITS COMPABED. 189 

'■^t dock or walchf having the dead beat or cylindrical 'scapemenl; 
*Wlbis defect may partly be removed by making the recoil amall, or a 
Uctfa more than merely a dead beat After a recoiling clock has 
beeo boog^ to time, any additional motive force that is put to it will 
Dot giMtly increase the arc of vibration, yet the clock will be found 
to go eonaiderably filter ; and, it is known, that where the arc of vi- 
Imioa IB a very small matter increased, the clock ought to go slower, 
M would be the case, in some small degree, even with the isolated 
tni nmpU penduhmu The fonn of the rec<Mling pallets tends to ae- 
cclerale and multiply the number of vibrations according to the increase 
^ flie motive force impressed upon them, and hence the clock will gain 
<*iAe time to which it was before regulated. Professor Ludlam, who 
^Bd four clocks in his house, three of them with the dead beat, and the 
teller with a recoil, said, '* that none of them kept time, fair or foul, 
'■keihelast: this kind of 'scapement guages the pendulum, the dead 
'^Qit leaves it at liberty." Were it necessary, many incontestible proofe 
^^o^ba adduced of the excellent performance of clocks which have the 
*^B^oiEng 'scapement 

Let us now make a similar comparative trial with the dead beat 
■capement An additional motive force being put to it, we find that 
4ie arc of vibration is considerably increased, and the clock in conse- 
^meoce of this goes very slow. There are two causes which produce 
thii: the one is, the greater pressure by the swing wheel teeth on 
Aedrcular part of the pallets during the time of rest; the other is, 
tile increase of the arc of vibration. It was observed in the case of 
i^ecoil, that an additional motive force made the clock go fast; and 
fte lame cause is found to make the clock, having the dead beat, to 
go ibw. ' As the causes are the same, and yet produce effects diame- 
Aridity opposite, does not this evidently point out what is necessaij 
^ be done? The pallets should be so formed, as to have veiy little 
^t recoil, and as little of the dead beat; and here any small variar 
tion of the motive force, or in the arc of vibration, will produce no 
■OttriUe deviation from its settled rate of time-keeping. PaUets of 
"tiib description were early proposed by our ingenious countiyman 
^•iHy, after having seen the inutility of Huyghen's cycloidal cheeks. 
See his HUtoire de9 Eschappemefu, We are infonned that a clock 
^as given by the late Mr. Thomas Grignion, to the Society for the 
tUicouragement of Arts, Manufactures, &c., '^ which had a dead beajt 
'■capement, so constructed or drawn off, that any diminution or ad- 
dition of motive force, would not alter the time-keeping of the clock." 
AU the 'scapements of this kind which have been hitherto made, 
tere commonly drawn off nearly in the same way as Mr. Grignion's, 
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that is, the distance between the centre of the pallets and the oentm 
of the swing wheel, is equal to one [diameter of the i^dieel, takea on 
the line which joins these centres ; and the acting parts of the pdU 
lets is a tangent taken from the centre of the pallets to the lAeelt 
taking til ten teeth* and 'seizing on the elevendi; this is nearly die 
same as represented in Plate II» of Mr. Cumming's book. The on- 
ly difference is, that Mr. Gijgnion's circle of rest is the same on 
pallet; but whether it possesses the properties which have been 
ed to it, shall be left to the determination of those who may chooee to 
try this e]q)eriment with it The circle for the time of rest beiqg Ifae 
same* then the flanches should be made to give the angles alike on bolk 
aides : we siq>pose this to have been Graham's way of it 

Notwithstanding what has been said respecting the giving isodiio* 
nal curves to the pallets of a clock, it appears doubtful if ' audi a 
curve can possibly be given them, that shall make the long andahoiC 
vibrations of the pendulum be all performed in the same time. Even 
in the best executed clock, whose 'scapement is equally sOt hn?ing 
the same motive force constant, the arc of vibration will be seen in a 
state of continual change ; and where this arc is not constant* there 
will be a small difierence in the time-keeping, that is to say t if nicely 
observed. With the spring pallet 'sci^>ement, ^ose motive force 
may be said to be very constant and uniform, yet the vilMrati<Mis of 
the pendulum with it, will be found to have changes in a small de- 
gree. At all events, if the semi^angle of a dead beat 'scapement, is 
equal to one degree, and that of the additional, or arc of suf^emeni 
as it may be called, is half a degree more, this should be more than suf- 
ficient to make the pendulum to escape even in the worst state of the 
oil. Pallets having so short a line of curve as this, must be of little or 
no consideration in regard to their possessing isochronal properties. 

Clock-makers in general have an idea that in a 'scapement, the pal- 
lets ought to take in seven, nine, or eleven teeth, thinking that an even 
number could not answer. This opinion seems to have arisen (as 
has been beforementioned) from the old crown wheel having always 
an odd number of teeth, because an even number could not have been 
so fit for it ; there seems to be no rules (a8 some have imagined) 
necessarily prescribed for drawing off either the recoiling or the dead 
beat 'scapement, for any particular distance which the centre of the 
pallets ought to have from that of the swing wheel. The nearer that 
the centres of the swing wheel and pallets are, the less will be the 
number of teeth required to be taken in by the pallets, when a tangent 
to them is drawn to the wheel. 

It is very obvious, that when the arms of the pallets are long, the 
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of tlie motive force on the penduhim will be great; and 
«iet tcno, thai is* when the pallet arms are short, the influence of 
tka Mtive force will be leas, but the angle of the 'scapement wOl 
mtanDfbe greater than may be recpured ; but this can be easilj re- 
meM by making the flanchea so as to give any angle required, 
h flriaary clocks, when this angle is not quite half a degree on each 
mk, t veiy small motive force will keep a veiy heavy pendulum in 
w/AwL We have known a very good clock-maker, who thou^ 
tetb flanch of a pallet was an arbitrary or fixed point, which could 
ksHMb only in one way, and it was some little while before he couM 
ke ooBfinced of the contrary. The flanches may be made so long 
ai to act something like detents, so as to stop the wfaed altogether 
hf fe teeth, or they may be made so short as to allow the wheel 
Ink to pass them altogether without even giving impulse to them, 
kiitrae there would be no 'scapement here; only it shows ttat the 
IwhBS of the pallets may be made to give any angle of 'scapement, 
km a &w minutes of a degree to two or three degrees. Whatever 
tBaoi^ ct the flanches may be taken at, all that is requisite is to 
■b fte wbed 'scape so, that the tooth, when it drops on die paflet» 
Ml fidll just beyond the comer of the flaneh, and in on the drcuhr 
latof flie dead beat pallet ; this rule will equally serve where a mc^ 
ImB recall is intended. The common recoiling pallets may be made 
■ WD0U8 ways, according to the foncy of the maker. At No. M, 
fc dead beat 'scapement is represented : the whed has ten teeth» 
trianinliy the pallets, one of which is sem to have dropped off firom 
k Mfing pallet, and another, at this instant, to have got in on the 
cUtf part of the leading pallet, where it rests during flie time of 
fc vibration, at the end of it, the toofli will have got fiarflier in od 
ticireular part ; whan returning, it gets on the flanched part of the 
fili^aDd gives new impulse to the pendulum, and so on. By making 
tka pallets to agree with the dotted curve lines, in place of having a 
fad beat, they will make a small recoil. The arms of the pallets are 
Mtqnila so kmg as in Graham's original dead beat 'scapement, yet they 
w^ with advantage be a little shorter, in order that the influence at 
ti BOtive force on flie pendulum may be lessened. ProbaMy Grraham'a 
nmom tor having such long arms to his pallets, was to show the superi- 
4% of his 'scapement over that of the recoiling one, by the very heavy 
p^Fyw^ff* he put to his clocks, and moved by a very li^ weight ; 
■aqr of his regulators went a month, and even to these he put heavy 
fariidmis. 

la tiie Journal of Science, Literature, and the Arts, published by 
Mr* John Muirayt London, in the Numbers XXYIII and XXXI9 
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for January and October, 1S23, there is an account or desci^on < 
a very neat and ingenious mode of fitting up a dead beat 'scape 
ment for a clock, given by Mr. VuUiamy, clock-maker to the King. 

Harrison's clock pallets (which are sometimes made to act by mean 
of very delicate springs, and sometimes by their own gravity) have 
very considerable recoil ; they certainly were a moat ingenious Gontn 
vance to supersede the necessity of having oil put to theuL Their con 
struction seems to be but little known, and they have very rarely bee 
adopted in practice. Indeed it is a 'sciq>ement of such a nature, fla 
very few would be competent to execute it properly. The drcumstance 
which led to the invention of it, were mentioned by Mr. Hairuoi 
himself to Professor Robison. ^^ Having been sent for to look at • 
turret clock, which had stopt, he went to it, though it was at a conai 
derable distance from his home, and found that the pallets werever 
much in want of oil, which he then applied to them. On his retun 
ing,^ and ruminating by the way on the indifferent sort of trealmeii 
which he thought he had met with, afler having come so&r, heac 
himself to work to contrive such a 'scapement as should not give I 
others that trouble to which he had been put, in consequ^ioe of thi 
turret clock." Hence the origin of his pallets. A drawing and dc 
scription of them shall bo given in the course of this work. 

We have been informed that a scapement somewhat of the sam 
nature as this of Harrison's was contrived by Mudge, with this dil 
ference of its being a dead beat one. 

The justly celebrated Mudge, in a small tract published in Jun 
1763, relative to the best means of improving marine time-keepen 
suggested, as a great advantage, that of making the moving powc 
bend up at every vibration of the balance, a small spring whose re 
turning force should be exerted in maintaining the motion of th 
balance. See Plate YI. No. 32, and 33, and this is the same principl 
which some years aflerwards he adopted and practised in those time 
keepera which he made. 

About two or three years after the publication of this tract. Mi 
Cumming contrived a clock 'scapement nearly on the same principl 
as that of Mudge's, where the motion of the pendulum was maintaii 
ed by the force of gravity from two small balls, which acted upon 
during the time of the descent. In this 'scapement the centre of mc 
tion of the pallets is independent of that of the pendulum and vergn 
although concentric with them ; two detents were applied for lockin 
the swing wheel teeth, one for each pallet ; from each of the pall< 
arbors, a wire projected in a horizontal position, and on the ends < 
these wires the balls were fixed, which were alternately raised up i 
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don of the pendulum, bj mcona of the action of the swing 
\iM teeth on the pallets. In a periodical philosophical journal, it 
ii jnwmmted that Mudge had borrowed the idea of the 'scapement 
nlkh he used in his time-keepers, from this of Cumming's. Thai 
Mn^p^ 'scapement was his own invention, is evident from the his- 
tonl t/tcta whioh have been stated : and although there is an appi^ 
rat rimDaiitj between Cumming's and it, yet we are not inctined 
lobe of opinion that either borrowed from the other. The 'sciqie- 
nest of the clock made by Gumming, for hb Majesty King George 
fcThird, in the year 1763, is of the free or detached kind, a name 
vIM was at that time not known. The improvement which hehuofr- 
•dfiHule upon it two or three years a(\er, was to keep up the motion 
rfte pendulum, by the gravity of two small balls, independent of die 
■rfie force through the wheels of the movement 

hAJB 'scapement, he insists on the adjustment between the pei^ 
Mam screws and crutch being made so as precisely to unlock the 
iviag wheel and no more. This can be only unlocked at the time, 
thai Ae force of the pendulum in its ascent is nearly gone, and tint 
Ab pendulum should then not only meet witii the ann of the ball, 
ktieeeiva it just before the descent of the pendulum has commenced. 
Us swing wheel must at all events be unlocked, and however small 
fclbiee of the pendulum may be at this time to do that the vibrations 
tf it cannot be so restricted as jvui to do 90; but they must do even a 
tub more, otherwise the unlocking could not at al} times be effectudly 
km: and here a kind of recoil, an evil reprobated by Mr. Cumming, 
vsrilin a smaU degree inevitably take place on the pendulum, though 
MtoB the wheels. 

In tint part of Mudge's 'scapement, each pallet and detent are 
faud in on^, and tiie unlocking takes place a considerable whfle be- 
faethe end of the vibration. Thus, the springs which maintain the 
■ofioB of the balance are bent up, not only by means of the swing or 
Uboe wheels raising up the pallets so far at every vibration, till the 
vkel teeth are locked, but the springs are still a littie more bent up 
lift wards, when the teeth are unlocked, and this by the sole exertion 
ft iMMnentnm of the balance or pendulum, which is done with great 
fate, soon aiW the ascending vibration begins: By this accumulated 
faee, the descending vibration is greaUy accelerated ; and this is one 
ft Ifae greatest properties of the 'scapement, particularly where a bal- 
ihoe and spiral spring is used ; it may perhaps be more so with the pen- 
Mom, provided that the temperature of the atmosphere be kept as near 
is may be to the same degree. 

25 
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No 'flcapement appears to be better calculated than this is, to keep 
the balance or pendulum constantly up to the same arc of vibration, noir 
withstanding its having what some have been pleased to call a ditfect m 
the recoiling one, thai of oj^posing the balance or pendulum in its aacent, 
and promoting its descent In the spring pallet 'sci^>ement, as indie 
recoiling one, the pendulum is opposed in its ascent, and has its deeceni 
equally proeioted ; but there is stiU a difference between them notwitii- 
standing this simSarity. 

In the luring pallet 'scapement, no retrograde motion is given to 
the wheels, pinions, and pivots which produce the early wearing thai 
takes place by the retrograde motion which is given to the urtieelain 
the common reccMling 'scapement, strougly pointed out by the recoil 
which the seconds hand of the clock shows on the dial, and it is even 
obvious in that of the minute hand. These are circumstances wfaidi 
have no place in that of the other. In such 'scapements as Madge's 
or Cuamiing's, it has been said by some, and even by Cununing him- 
self, that it matters not what sort of woric the clock movement is, or 
however ill it may be executed ; since the motion of the penduhmi is 
kept up by a force which in some degree is independent of the motive 
force produced through the wheels in the movement* This may be 
so far true ; yet there is no 'scapement where any irregularity in the 
pitchings, pinions, &c. of the movement will be more readily disco* 
vered than in this ; during the going of the clock, it will be very per- 
ceptible to the ear, at the time of raising up the balls, or of bending 
up the springs. We would therefore by no means advise that this wxA 
of 'scapement should be put to a movement of indifferent execation: 
on the contrary, it seems to require one finished in the best possible 
manner. 

The motive force put to it requires to be greater than that which 
is usually put to clocks having either the dead beat or the reccnling 
'scapement It may be asked, whether weights or springs are the best 
for these sort of 'scapements ? This is perhaps a question not easy to be 
resolved. We confess that springs appear to be preferable ; they seem 
to have an alertness or quickness of action, when compared to the appa- 
rent heavy dull motion of gravity in the balls. The pivots which are at 
the centre of motion of the pallets and balls would be regarded by many 
as objectionable, from the belief that oil is necessary to them. Oil does 
not seem to us in the least degree requisite, considering the very small an** 
gle of motion which they would have ; and we have always thought, for the 
same reason, that oil was not necessary to the pivots of such detents as 
were sometimes used in the detached 'scapement To show, that so far 
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from the nature of a 'scapement actuated by springs or by the giavify of 
ballsy ** allowing the movement to have imperfection in its pitchinga oraiqr 
odwr parts,'' as has been sakl by the author of the EiemmU ofChek and 
WMA^Wakmgy we, from experience, found it to be very much the n^ 
ynxwe : In clocks where every degree of care was taken throughout bodi 
m Hm sizing of the pinions and their pitchings, so much so, thai the 
most eiperienced and critical workman could not have discpv.ered any 
thing thatwould have led him to say they were in the least faulty: 
jet when set agoing, a ctrcimufance which was very 9enmUg pet' 
csmd by the eaty they showed that the pallets were not always raised 
up widithe same force or velocity, hbving sometimes the appeefance 
even of not getting fully up. If personification might have beeii al- 
bued to the clock, in this ease it would have said, ^ you are not* a 
jnlge of pitdnngs, let me have a trial of them, and Aton I will show 
yoa whether they are faulty or not" There certainly ooold have 
Veen no tool or experiment better calculated or contrived to show 
vhat die pitchings were, than was done by this kind of 'scapement ; 
md, by our experience with it, it seemed evident that the lulea hi 
gHMtal hitherto given for the size of pinions, wiU make them rather 
IM large in diameter. 

Such clocks as have recoiling or dead beat 'scapements, would 
trntiBoe to go on imperceptibly with pinions sized in the ordinaiy way, 
jUkofA leading to any discovery of this nature, unless the pitchings 
me finitey in the extreme, and the pinions veiy far out of size. Mr. 
Qnanmig must surely have i4)plied an overpowering force, for the goiqg 
i«|^ of his dock, otherwise he would not have given those statements 
iKA he has in his EUmenia^ &c. But the wide vibrations which he 
mde the pendulums of his clocks to give, necessarily required a gceat 
iseeto keep them up, and this might prevent the ear from observing 
vhtwe have here remarked. 

We shall now proceed to give a description of a dock 'sbapement 
cateeame prindple as that of Mudge's in his marine time-keepen, 
lUdi was put to a very excellent regulator or astronomical clock, made 
^ assome yean ago for the Rig^ Honorable Lord Gray, and placed 
■Us Lordship's Observatoiy at Kinfauns Castle. It had a mercurial 
M&pensation pendulum, and its time of going tcithoui winding wns 
fa^five days. The pivots of the great viiieel, the second wheel, and 
ti swing idled, are run on rollers, three being put to each pivot; thepi- 
lilB of the centre and of the fourth wheels run in holes, and are the only 
pilots in the dock to which oil is applied. 

Friction rollers were first apphed by SuUy to the balance pivot of his 
marine time-k^per, and have since been adopted for the same piir- 
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pcee ■ tiBie4 ccpc f » t by Beitiioud, by Mudge^and othroi, TheyfaMra 
iQBBiineB beemmd for GkwkpiToto, but m such an mjodidous manner 
tiMt in pined of relieving the friction of the phots, they have at last 
jaBibodtfaBnilosuchadegreetdiat the pivots could not at all turn orv^ 
Tohne i^ipntiienL 

Tha pivots of the said centre and fourth wheels would have bees 
ranonroUera also,but not choosing to go ftrther, for even with tiMaa 
which were made to run so, the trial was new; besides, had theae two 
been done so, it would have required such a number of additional 
ces, as in the end would have been truly appalling and depressing; 
as it is, there is about 500 individual pieces in the dock: The 
incurred would have been greatly augmented; yet this, however, would 
have been no bar with Lord Gray's liberalit)^, had it so hiqppened. The 
dock has beengoing about nine years, and with a close and steady vala 
of time-keeping, during which it has not required the smalleat help^ 
not even that of cleaning. 

The dock made by us for the Edinburgh Astronomical Tnstitntiom 
or Royal Obiervaiary^ has the same kind of 'scapement and pen- 
duhun, goes ei^t days, but has no friction rollers in any part of ft* 
It has been going upwards of ten years without requiring any helpi 
or even deaning. 

In Plate YI. No. 36, S W is the 'scapement or swing wheel* 
whose teeth are cut not unlike those of the wheel for a dead beati 
but not so deep ; P P are the pallets, the upper ends of whose arms 
at 8 9, are made very thin, so as to form a sort of springs, which must 
be made very delicate, for if they are any way stiff, the force of the 
swing wheel will not be able to bend them when raising up the pallets. 
In order that those springs may have a sufficiency of strength, and at the 
same time be as delicate as possible, they are cut open at the bendii^ 
parts, as may be seen at No. 36. These springs come from a kneed 
sort of sole, formed from the same piece of steel ; by which sde they 
are screwed on to cocks, which are attached to die back or pillar 
plate of the clock frame. The pallet arms must be made veiy light 
and stiflT, in order that their weight may have the least possible load 
or burden on the springs ; a o are the arms of the pallets, as lep- 
reciented in the front view. No. 36, and are fully as broad as is neces* 
Mury ; their thickness may be made much less than this. An edge 
view of the pallet arms is seen at No. 36. The acting parts of the 
(vsiUets at P P» No. 36, should be made of such a thickness as to 
allow an opening or room to be made in them for the insertion of a 
^^x-e of niby, sapphire, agate, or any fine and hard sort of stone ; Oe 
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tkieknees of the stone being somewhat more than that of the 'scape- 
m$A or swing wheel teeth» say twice or thrice as much so : Each of 
then fCone paBets has a sort of mb* or detefO, (for the stxqpping of 
Urn vhwl teethv) which is left at the end of the pallet flanches, as 
■qr Msilj be seen at the left hand pallet. No. 86. These nibs are 
DMb far ihe locking of the swing wheel teeth, and dwir use will be 
mm particularly explained afterwards. On the back of the pallels 
■I flcrewed to each, kneed light brass pieces, c c, as seen at No. 86. 
fti te lower end of these kneed pieces, the screws, d d, are put 
tnof^ serfing the double purpose of adjusting the 'scq>ement, and 
Mllag the pendulum on beat The upper part of the pendulum rod 
ii eomposed of a kind of fiame, whose steel plates, A A A A, No. 
Ml are represented as being contained within the dotted circular 
%ae; the thickness of these ring sort of plates is seen at A A A A« 
Hk 86. This frame has three pillars to keep the plates property to* 
gBlhr ; and though they are not represented in the drawing, yet any 
«• may readily ccmceive where their places ought to be, and what 
itM be their length or height. At e e. No. 86, is seen on each 
■b Ae ends of a thin steel plate, or traverse bar, which goes fiom 
fhleto pkte, and is fixed in the frame. An oblique view of one of 
is seen at ee. No. 36. In the steel frame plates, there is a 
opening, as represented by the dotted inner circle. No. 86. 
lib opening must be of such a diameter or width as to allow the 
nisg wheel, and the cock which supports it, to come freely Arouf^ ; 
tpvt of the cock is seen at ff, No. 86, the sole of whkh, F, is 
to the back of the pilter plate of the clock ; the knee, K» 
up, or is set to receive the pivot of the arbor of the swing 
skfld ; the pivot at the other end of the arbor bong supposed to run 
■ fe fore plate, or in a cock attached to it, and is the pivot 
cttms the seconds hand. This description of the manner by 
Ab Mring wheel is supported within the pendulum, it is to be hopedt 
i9 be sufficiently understood, notwithstanding the want of a prqptt 
AaviDgof that part. 

Ike awing wheel S W, and part of its pinion aibor g*, are seen 
«%Bwise at No 86. ; also the arm a of one of the pallets P, and ito 
nraw i2, bearing on the steel bar e e : At the point of contact, be- 
tween the end of the screw d, and the bar e, a small piece of fine 
ilooe mttf be inserted into each bar : This will prevent any wearing 
•r magnetic attraction which might otherwise take place if die 
news were left solely to act on the steel bars ; as the smallest wean> 
ing here would in 8ome degree alter the efiects of the 'scapement In 
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No. 36, B represents a part of the bar of the pendulum rod* wUch 
is fixed into the lower part of the steel frame ; an edge view of Urn 
bar is seen at B, No. 36. At the upper part of the steel firame is 
inserted a piece, c c, No. 36, and 36; in this piece the pendohmi 
spring is fixed, whose top piece goes into a stnxig brass cock, which 
is firmly attached either to the back of the clock-case, to a wall, or 
to a hirge stone pier ; the end of the projecting part of this cock ii 
seen at D D, No. 36, and a side view of it at D D, No. 36. Tba 
top piece of the pendulum spring has a long and strong steel pJD 
throu^ it, which lies in a notch made across on the mpjpear side tad 
projecting part of the pendulum suspension cock : by this pin Aa 
pendulum is suspended. In the side of the pendulum spring top 
piece is a large hole, made so as to admit fiieely a strong screw, Aa 
head of which is seen at £, No. 36. This screw serves to pindi 
the top piece and cock firmly together, after the pendulum baa been 
made to take a true vertical position. This strong pin and screw are 
not represented in the drawing, but the description iduch baa been 
given, will, it is presumed, easUy supply this want In the peiH 
dulum spring, h A, No. 36, may be seen an opening, so as to 
have the C4)pearance of a double spring. This opening is made 
to allow the spring parts of the pallets S S, to be bioai^ 
very near together, and this at the bending part of the pendu- 
lum spring, so that it and the bending pcuts of the pallet springs 
should be in one common centre. A part only of the cocks on yrbkh 
the spring pallets are screwed is represented by k k^ No. 36 ; m m 
are the heads of the screws by which they are fixed to these 
cocks. It must be observed here, that the spring pallets are ao 
placed, that they should act on the line of suspension and gravita- 
tion of the pendulum, which necessarily brings the swing wheel to tha 
place where it is ; no verge, crutch, or fork are required ; the influ- 
ence of the oil on the verge pivots,* and the friction by the crutch or 
fork on the pendulum rod, are done away by this arrangement Tha 
motion of the pendulum is kept up entirely by the force of the sinii^ 
part of the paUets, independent of any impediment in the wheel 
work, so long as the wheels have force sufficient to raise up the pal- 
lets readily: This force may be considered as permanent and invari- 
able, and so should be the arc described by the pendulum. If the 
length of the pendulum and of the arc it describes are invariable, so 
should be the time which is kept by the clock. Having described the 
parts which compose this 'scapement, it will now be requisite to show 
their mode of action, which is extremely simple. 
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Ynma the pendulum is iiet in motion, it^ will, by means of either 
te one or die other of the screws d, unlock the swing wheel, whichf 
in die drawing, is represented as being locked by one of its teeth on 
the nb or detent part of the right hand pallet, and the moment when 
the vhed is unlocked, the tooth at the left hand pallet is ready to 
preH fivwaid and raise up that pallet, — and, of course, it bends up 
the ^nmg. Let the pendulum be now brou^t to the right hand 
adO| die steel bar a will meet with the screw d, and, carrying or 
pufamg it on, will by this means unlock the swing wheel, and allow 
itto escape. At this instant, the wheel tooth meeting with the pal- 
letst die left hand side, will force its way on the flanch, and raise it 
np till it is stopped by the detent or pallet nib. Here the wheel is 
locked until the return of the pendulum to that side, when it will 
igui be unlocked. From die dme of die unlocking at die ri^ 
band pellet, till the same takes place at the left hand, the pendulum, 
dug its excursion to the right, is opposed by the spring part of 
Aft pellet ; and, on its return, it is assisted by the same part, undl 
Ae pendulum comes in contact with the point of the screw d on die 
hft hand. Here it is again (^posed in its excursion as fiur as the arc 
^ dwciiboB ; and on its descent or return, it is assisted or impelled by 
te spring part of the pallet, in conjunction with the force of gravity, 
htti dock, all that the motive force through the wheels has to do* 
ia to raise up the pallets, by bending up the springs, and these, (as has 
i beoa already stated,) along with the force of gravity, maintain the 
F BMlioD of the pendulum. 

i Vhen clocks of the common construction get foul in the ofl, or 
I dii^, the arc of vibration falls off, or is less than what it was wfami 
i die dock was clean and free. In this 'scapement, however, vAksa 
I dieckckgets foul, the force of the swing wheel teeth on the detent 
4 pait of the pallets will be lessened, consequently the wheel will 
be QQie easily unlocked by the pendulum. Hence we may expect 
aannll increase in the arc of vibration ; but whether this will a£bct 
te time-keeping by making it slow, must be left to the Experience 
^ ttoae who may think of prosecuting such trials. It appears to 
i Vi that if any lengthening of the arc of vibration takes place, it 
d *0 be equally accelerated on its return by the greater tension of the 
11'. "pnog part of the pallets. A clock, with this kind of 'scapement, 
J ^4ach went thirty-six days without requiring to be wound up, the 
f &^ wei^t twenty pounds, and semi-arc of vibration one degree 
1^ twelve minutes ; on an addition of four pounds being put to the go- 
^ weig^ it brought die semi-arc of vibration to two minutes less 
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than one degree, confirming so far the hypothesia whkh has been m 
vanced. 

Another clock, having the aame kind of 'acapement, has since be< 
made by ns, where the adjustments for 'scapement and beat a 
transferred from the pdlets to the pendulwn itself. By this meai 
these adjustments are not only easier made, but are effected wHho 
that danger to which the pallets are exposed when this is done 1 
the screws. This mode is adopted in the pendulum at the doi 
made for the Edinburgh Astronomical Institution or JRojfirf Ofc inmalPi 
(fonneily noticed,) which was put up in the year 1818. 

The spring pallet 'scapement, which has been described, hava 
neithw veige nor crutch, and these being necessary where the a 
per part, of the pendulum is a simple bar or rod, it shall no 
be shown how to construct a 'scapement of this kind with a verge m 
crutch. 

On the verge is screwed a tiiin piece of steel, of an anchor fbn 
which has a kind of crank in the middle, in order to give fie 
dom to the acting parts, or centre of motion of the pallet apringi 
to coincide with that of its arbor, against one of the kneed en 
of the crank the anchor is screwed. The place of the siring whe 
is with the frame in the usual way ; the anchor lies pretty doee b 
hind it on that side next the pillar frame plate. On the ends of tl 
circular arch part of the anchor, are scrowod kneed pieces of ale 
which come outside ; and at a little distance from the tops of the swii 
wheel teeth, in each of the kneed pieces, is inserted a flat piece 
diamond, ruby, or any hard stone. These pieces are made or placi 
so as to be in a line drawn from the centre of the verge ; and it ia < 
these stones, which are in the plane of the swing wheel, that the poi 
of the screws which are in the pallet tails act and give impulse to tl 
pendulum, communicated to it by means of the crutch, whose sock 
is twisted firm on that end of the arbor of the verge whereon the ancb 
piece goes. Two kneed brass cocks are screwed on the inside of tl 
pillar plate, the distance between them may be a quarter of an inc 
or so ; it is on their upper surface that the soles or palms of sprir 
pallets are screwed. The arms of the pallets should be as light \ 
possible, and the pallets, the tails, soles, and springs, may all be mac 
out of one piece of steel. The extremity of the pallet springs coincic 
with the upper surface of the soles, and also with the centre of motic 
of the verge and anchor. 

From the nature of the spring pallet 'scapement, there is a wondc 
ful and beautiful variety in it ; the distance between tlie points < 
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te screws in the pallet tails is limited by the stones of the kneed 

pieees screwed on the ends of the anchor arch. If this distance is 

leas than what h should be, it wiU give too much scope for the dis- 

chBipd pallet, when impelling the anchor, to fall more in between 

Che teetti dian it should do, and bjr this means give a smaU retro- 

Sjnib motion to the tooth which is to raise it up, just at the ifistant 

^hm the opposite pallet is discharged; and this, unless the motive 

Ane is sufficiently powerful, will be apt to prevent the pallet from bemg 

mtogbtber quite raised up, and consequently stop the clock. If the dis- 

teaoe b^ween the screw points is greater than it should be, then the 

pdlet which is to be raised up will not fall so much in between the 

taedias it ought to do; hence the acting tooth will pass over a part 

of the indmed plane, or flanch of the pallet, without any action b^ 

iqg aierted on it, by which a diminution of the motive forcQ iakeM 

jUaOrn The great nicety in the distance of the screw points is to 

Ime it ao, as, on the discharge of one pallet, the other shall come 

dose in on the tooth which is to receive it, but only just so as not to 

toiidi it The taking out or in of the screws by a veiy small part 

of a turn will have a great effect in putting the clock on beat ; yet it 

mote advisable to do this first by the bending of the crutch, the 

being supposed previously and properly adjusted in all 

parts. In this operation, the discharge of the pallets should be 

to take place, at equal distances, on each side of the point of 

; for*6xample, su^^pose the discharge is made on the lefl hand* 

flie pendulum index is at forty minutes, and on the ri^t hand 

ihkty minutes, bending the crutch the smallest matter to tiie fi^it, 

make the dischargip each at thirty-five minutes; and here the 

will be exactly in beat 

Hie fi>Uowing is a scheme and description of another 'scapement, 

by the Author, and executed about two and twenty years 

In Plate YI. No. 34, S W is the swing wheel, whose diameter 

ly be so large as to be sufficiently free of the arbor of the wheel 

runs into its pinion: this, in eight-day clocks, is the third 

The teeth of this swing wheel are cut thus deep, in order 

the wheel may be as light as possible ; and the strength of the 

httle more than what is necessary to resist the actic»i or force of 

«eonmum clock weight through the wheels. They are what may be 

ciDed the locking teeth, as will be more readily seen from the use of 

tern, afterwards to be explained. Those called the impulse teeth, 

eooast of very small tempered steel pins, inserted on the surface of 

de rim of the wheel on one side only. They are nearly two-tenths 

26 



S03 DETACBBD 'iCAPEMSlTTl FOB REGULATOBS. 

of an inch in height, and, the smaller they are, so much more room 

will be given to the thickness of the pallets. If they have strenglfa 

to support about eighty or a hundred grains, they will be strong 

enough. There is no rule required for placing them relatively to 

the locking teeth, only they may as well be opposite these teeth as 

any where else. P P are the pallets whose centre of motion is di0 

same with that of the verge at a. These pallets are formed soasto 

have the arms sufficiently strong, and at the same time as li^ as 

may be. That part where the arms meet at the angle at a* has a 

steel socket made out of the same piece as the arms, being foigBJ 

together in this manner. The socket is made to fit well <Mithe¥eige 

on which it is only twisted fast, and is turned pretty thin oa the ouIf 

side, in order to allow the arbors of the detents to be laid as close U 

the verge as may be, so that their centres of motion may coincide m 

nearly as possible. A perfect coincidence of the centres migfat bi 

obtained, by using a hollow cylinder for the verge, with the deten 

arbors running in the middle of it ; but this would have occainoPBi 

more trouble. Tet this non-coincidence of centres has its advanlagi 

here, by the wheel teeth, while resting on the detent nibba, bcim 

prevented from having any opposing force to the motion of tb 

pendulum, which they would have, were the detents placed other 

wise, unless the method was taken which we propose in another scape 

ment That part of the pallet frame, in which is set the stone to 

receiving the action or impulse of the small pin teeth, is fanned inl 

a rectangular shape, so as to allow room for a dovetail groove, int 

which the stone paUets are fixed, as may be seen at P P, No. 3^ 

and at P 2, which also gives a side view of the verge at a, and whei 

the socket of the pallets is seen as fixed on the vcrge^ At 6 2, is see 

the outer end of one of the stone pallets made fiush with the stee 

That part of the stone pallets upon which the pin teeth act, may b 

seen where they are represented in their respective positions relative I 

the pin teeth. Their shape or form is exactly that which gives H) 

dead beat In the figure are seen the detents d dj whose centi 

of motion is at c c ; they are fixed on their arbors by a thin steel socke 

made as forged with the detents, much in the same way as the palle 

were, as may be seen at c 1, which gives a side view of one of the di 

tents and its arbor. The screws e e.ff, in the arms of the detent 

have places made to receive them, which are more readily seen in N< 

34, than in 1, 2. The screws c e, serve for the purpose of adjusting th 

part of the 'scapement connected with the pallets, pushing the di 
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tents out fipom locking the wheel by means of the locking teeth. The 

ends of the screws e e^ on the unlocking, are met by the ends of 

die stone pallets, one of which is represented at 6 2. The screws 

f j sene to adjust the locking of the wheel teeth on the detents, g g 

are biaas rectangular pieces or studs, which are fixed to the inside 

c^the pillar frame plate, and may be near an inch in height The 

of die screws // rest on the side of these studs, and according 

diey are more or less screwed through at the ends of the detents, 

90 much less or more hold will the detent pieces have of the teeth. 

holding pieces of the detents are not represented in the drawing, 

tfiey would have made other parts of it rather obscure. They are 

of stone, and are fitted in by means of a dovetail, cut in a piece 

left ibr that purpose on the inside of the detent arms, as may easily be 

eonooved from the drawing, where it is represented in part ate 2, and 

ii ia the line across the arm with the screw e, which is dose by the 

fif^ of the detent stone-piece that projects a little beyond the end of 

tks screw. 

bving described the parts of the 'scapement, we shall now exptein 
ieir mode of action. On the left hand side the pin tooth is represent- 
ed m having just esci^ed its pallet, as may be seen ; but previous ta 
ibkving got on to the flanch of this pallet, let us conceive that the 
bekor end part 6 of the pallet had come in consequence of the motion 
rf the pendulum to that side, and opposing the screw e, which is in the 
(fatontarm, pushes or carries it on with it, and consequently unlocks the 
iM, which then endeavors to get forward ; but the pin tooth, at this 
■Int of unlocking, meeting with the flanch of the pallet at the low- 
ciidge inside, and pushing forwards on the flanch, by this means im- 
pdi ttiB pendulum, and afler having escaped the pallet, the next locking 
Miis received by the detent on the right hand side, where the wheel is 
nowigun locked. In the meantime, while the pendulum is describing 
tht pert of its vibration towards the left hand, free and detached, as the 
pd^te are now at liberty to move freely and independently of the 
■mH pin teeth ; on the return of the pendulum to the right hand side, 
Aft dertent, by means of the back of the pallet on that side, is pushed 
oat from locking the wheel, and at the instant of unlocking, the wheel 
gela fi)rward, and the pin tooth is at the same instant ready to get on 
Aft flanch of its pallet, and give new impulse to the pendulum, 
v ia obvious by what is represented in the drawing. Afler the 
pin tooth has escaped the pallet, the wheel is again locked on 
Aa opposite or lefl hand side ; the pendulum moves bn« to the 
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rigjbet freely and mdependeiitly till the next loddng oo the left takee phoe 
^LDdsooiu 

It may be obeervedt that the unlocking takes place when the pesdidun 
is near the lowest point* or point of rest, and of course^ where ill 
force is neariy a roaximnin. Without attaching any thing to the merili 
oi ,jhis 'scapement, we may remark* that the rate of the cfeck |wai 
observed from time to time by an excellent transit instrument^ uk 
dunng a period of eighty three days it kept within the secondt with 
out any interim apparent deviation. This degree of time keepim 
seemed to be as muchamatter of accident as otherwise, and camw 
reasonably be eslpected from this* or any clock whatever, as a fixed o 
settled rate. 

TUs^ 'scapement being a detached or free one, can at plea«ni 
be ccmverted either into a recoiling or a dead beat one, witfaou 
so much as once disturbing or stopping the pen<j|dum a sinc^ vi 
bration. To make a dead beat of it, put in a peg c£ wood, ori 
smaU wire into each of the detents, so as to raise them free of tin 
pallets, and the peg of wood keeping the detents in the required poai 
tion, the pin teeth will now faU on the circular parts of the paOels 
and so on to the flanch, and the 'scapement is then to all intents am 
purposes a dead beat one. To make a recoiling one of it, let then 
be fixed to each arbor of the detents, a wire to project horizontaDj 
from them, about 3i or 4 inches long, the outer ends of the wires mus 
be tapped about half an inch in length, provide two small brass balls 
half an ounce weight each, having a hole through them, and tapped an 
as to screw on to the wires, the balls can thus be put more orlesi 
home, aiid be adjusted proportionably to the force of the clock on thi 
pendulum. No recoil will be seen by the seconds hand, yet these ball 
will alternately oppose and assist the motion of the pendulum as mud 
as any recoiling pallets can possibly do, aqd as their effect on the pen 
dulum will be exactly the same, it may be considered as a good recoil 
ing 'scapement This sort of detached 'scapement, as it may be m 
called, by becoming a dead beat, or a recoiling one, at any time whei 
required, makes it convenient for trying various experiments with thoM 
kind of 'scapements. This 'scapement keeps its arc of vibration pret 
ty steadily, as experience of it has shown. 

We shall now proceed to the description of a clock 'scapement 
whose pallets require no oil, invented by the late Mr. John Harrison 
who received the parliamentary reward of 20,000/. for his marim 
time-keqper, having kept the longitude at sea within the limiti 
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jnBcnbed by the act of pftriiament, made in the reign of Queen 

Aon* 

In Plate T, No. 28, S W is the swing wheel, whose teeth are 

riiortsrtfaan usual; on the veige is a brass arm, of a sort of cross and 

flat piQDged form, as may be seen ate,e,e,andate,e, No. 29, and 

90, 1900 this aim are screwed two brass cocks, mari^ed d, d, in No. 

2S^ aad d, in No. 29, and 30, the upper pivots of the pallet arbors, 

as seen at a. No. 29^ and 80, run in these cocks, and the lower pivots 

lithe end of the prongs. On the lower end of the pallet arbors is 

abiasB socket to each, haviEig freedom to move easily in them, and 

dio a proper end-shake between the prongs and the pallet arms. On 

fat end of each of the sockets next to the pallet arms, is riveted a 

dii piece of brass, the piece on the socket of the driving pallet being 

faped, asTseen at /t A, No. 28, and 29, and haviEig two holes in it, 

CM of these holes has a range limited by a pin fixed to the brass arm 

fiom tbe veige; the other hole, which is at the outer end, allows 

inga to a pin v^ch is fixed to an arm on the pallet arbor, as may 

ke seen at & ^ No. 28, and h &, No. 29. The piece of brass on 

hsoeket of the leading pallet arbor is shaped, as seen at A; i^ 

No. 28, and 30, haviiig atail which comes to rest on the outeredge 

tf tie cock d, afler being carried a little way by the motion of the 

fiht; at the outer end at A:, is a small brass screw, serving as a 

emteibaknce to the opposite arm or pallet hook. In this pallet 

mis an opening through which the swing wheel comes, as may be 

no^at ^ No. 30, the arm at the other end being filed thin down, 

kiBig a sort of shoulder on it A B, No. 28, is a stout piece of 

taw, riveted or screwed to the verge collet ; c e, is the steel crutch 

hmg another arm which comes up on the iniaide of the piece of 

hm; the ball, or palm of the crutch is kept to the verge collet, by 

t iQit of spring collet which has two screws outside, and through to 

ABverge collet, the crutch having liberty to turn on the verge. The 

pBce f^ brass A B has two short knees turned up, haviog a hole 

^fed into each to receive the two screws s «, whose ends bear on 

Copper arm of the crutch, and serve to move the arm to one aide 

^fteotfaer, so as to put the pendulum or clock on beat ; p p ia b. 

pieoe of hard wood, (such as lignumvitse, or green ebony,) put on 

fte lower end of the crutch, having an opening in it, to clip, or take 

in wilh the middle rod of a gridiron pendulum. 

The parts of this 'scapement being described, it now remains to 
explain their action. The tooth of the swing wheel which has hold 
^ the hook of the leading or right hand pallet, carries it on until ano- 
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dier tooth meets with the hook or notch at the end of the 
pallet arm. When .this takes place, the wheel is made to recoii a 
little back, and at this instant the hook of the leading pallet gets fiee 
of the tooth, and is made to rise clear off the top of it, by means of 
the counterbalancing of the brass arm, and the sa:ew ib at the end of 
it The tooth of the swing wheel which has now got into the notciiy 
at the end of the driving pallet arm, cairies it forward until anodiec 
tooth, meeting with the hook of the leading pallet, causes the wheel 
again to recoiL This allows the notch of the driving pallet to get 
free of the tooth, and the brass piece which is on the pallet aibor Mb 
down till it comes to rest on the pin, in the brass cross piece, making' 
the pallet notch get quite clear of the top of the tooth, and so on. 
There is a great deal of ingenuity displayed in the contrivance of Hob 
'scapement, yet the nice and ticklish balancing of the pallets occaaioiMi 
some degree of uncertainty in their operations; and whether die 
great recoil which it has may not be against the time-keeping of the 
clock, remains yet to be proved. Was it this 'scapement in a doA 
of Harrison's, at his house in Orange Street, of whose going, Hr. 
Short said, **• That he could depend on it to one second in a montt,* 
and *^ that it had been going for fourteen years at this rafcet" 

No. 31, is a segment of a swing wheel, or part of one, vrhere Ae 
teeth are made so as to keep the oil constantly to their points. It is 
well known that oil is very apt to run down from the points of swing 
wheel teeth, especially those in the common recoiling 'scapement, 
where they are for the most part rather thin and sharp. 

The teeth proposed here, after being cut on the engine, have their 
points formed somewhat like an epicycloid, and close below it a small 
hole is drilled from back to front; with one of the smallest round 
files a hollow is made across the front of the tooth, keeping the hole 
rather on the upper part of the hollow ; the hole should be chamfered 
a little at both ends, and a broach put through so as to clean it. In- 
deed, if a hole is made not far from the points of teeth in common 
swing wheels, it will keep the oil to them ; they should have a gentle 
rounding off, which will be of advantage. 

This scheme answers the end proposed extremely well; the teeth 
carry the oil along with them during their acting on the pallets, 
and on leaving them take it away. It is above forty years since we 
suggested this, but had somehow overlooked it, till being lately re- 
minded of it by one who had successfully put it in practice a considera-^ 
ble time ago, he having got the hint from some of our people. 
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Directioiis how to fit up a 'scapement for an astronomical clock, 
'vrtiere gravity is made the impelling force to the pendulum, and where 
the influence of heat and cold can have no place, as in the case of spring 
paQetSy and where the pendulum is suspended hy a spring. 

IM a piece of fine cast steel be prepared, firom which a hollow cy* 
iindar can be made, the length three inches, or it may be near to a 
quarter of an inch more, the outside diameter four tenths of an inch, 
the inside about three tenths or so; being truly turned on the outp 
nde after it is well finicdied in the inside, it may then be hardened, 
and so &r brought back or let down, that a good file may be used to 
.open a part of it to admit the detent or pallet arbors : A short part of 
ths cylinder is left whole at the ends for the purpose of having brasis 
oro^iper f^ugs fixed in them ; it is in these plugs that small pieces of 
ttad are put, on the outer ends of which are turned the pivots of the 
wgei as it may be called. The cylinder, so far as it is described, 
■ij be seen in Pkte YIU. No. 42. A 1, A 2, is an edge view of a 
epek which is screwed oa the inside of the pillar plate, and A 1, 
AS, is a flat view of it, as if the kneed part was made strai^t; on 
tkupper sur&ce or part A 1, are screwed two small cocks, e e, hav- 
iog esch a jewelled hole in it ; c 2 is an edge or side view of these 
anU cocks, the pivots of the pallet arbor a run in these jewelled 
Utt, 6 is a socket formed on one end of the pallet arm, serving 
to twist it on the arbor a. The main cock with the small cocks 
ce must be so placed as to have the line of the arbor to coincide 
vii ittd dotted line represented in the cylinder as its centre. Ano- 
tkr main cock, the same as A 1, A 2, is screwed on the inside of 
Ik forq^bte of the clock firame, having small cocks on it, in wluch 
nm a pallet arbor, and pallet arm socket twisted on it ; the line of 
Ail arbor must be made also to coincide with the line at the centre 
flf the cylinder, taking up the vacant i^>ace ds seen in the drawing of 
Ai cylinder. The small cocks which are at flie extremes, must be 
fiae of the cylinder inside, and of the plugs in flie ends of it ; those 
BtiiB middle may be placed as near to each other as may be ; one of 
the plugs to have a round part outside of the cylinder, turned so 
« that the crutch may be twisted on it, and yet a small degree of 
nvetmg, when brought to its position, should it be found necessary. 
8 8 represents the swing idieel ; T T T is a sort of anchor 
hiving a hook to it for the purpose of twisting it on to the cylin- 
der. This anchor is brought up pretty close to the plane of the 
iving wheel ; there should be a screw in the upper part of the hook 
to fix it to the cylinder. At that part of the anchor represented by 
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the segment of a circle, T T, are pieces kneed up, and screwed 
at the ends, an edge view of them is seen at Ar, and 
equally on both edges or tops of the swing wheel teeth, and aam^ 
what beyond them ; in these kneed up pieces is set a diamond, 
bit of any hard stone, against which a screw in the tails of the 
lets act ; pph represents one of the pallet arbors and its arm, and 
one of the pallets with a tail to it, in which is a screw, Ae end 
which comes outside the anchor knee, acting occasionally oo i 
p p, and P 2, is a side view of one of the pallets and its arm. 
part of the 'scapement and its pallets are a near representatioD 
what has already been described ; the action of which being 
stood, will easily be applied to this, as it is as nearly alike in bod^ i 
may be. The pallet arbors being placed in this manner, are m 
dependent of the motion of the verge and pendulum; and in ill 
lobrations, however much the teeth of the swing wheel may pnea 
on the detents or nibs of the pallets, the motion of the pendoliiD 
cannot be affected by it The arms of the pallets, one of them pBXli- 
cularly, will require a kind of crank part in it, in order to bring tfe 
pallets into the piano of the swing wheel ; and with the acting part ef 
the anchor, a hollow must be made in the upper part of the aiidi€r« 
to give freedom to one of the pallet arbors. A small weight is pot 
hind each of the pallets, and adjustable, so as to impress more or 
ibrce upon the pendulum. 

The pendulum to tliis clock is proposed to be hung in a frame, con- 
taining friction rollers for the pendulum to vibmte on, such as have h 
already been described ; and, if all the pivot-holes are made in phinn- li 
bago, it will supersede the necessity of applying oil to the pivots : Tbe h 
pieces of plumbago should have a slight roasting, so as to dispel aory I'^a 
sulphureous matter ; otherwise it would show itself, by makiiig U i 
the frame plates of a dull yellow or brownish color, round where ^ pi 
plumbago pieces are inserted. 

Having, in our proposed 'scapement, adopted gravity as the 
taining force to keep up the motion of the pendulum, it might be e^ 
modified as to do this and no more, allowing its natural influence t^ 
be as wholly on the pendulum ball as may be. If we use the 
and crutch with an anchor on the verge, the distance between 
kneed parts at the end of the anchor arch, which discharge the kdc 
ing of the swing wheel, may be made so near to each other, that frof 
the return of one pallet, after impelling to that of disengaging to^ 
other, the pendulum shall vibrate freely and independently of efeO^ 
thing for the space of two or three degrees, the whole arc being ^■P' 
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to be four; that is, two degrees on each side of the point of 

In this mode of the 'scapementv there must be limits or bank^ 

far the pallets to stay on* from the time of the pendulum leaving 

and during the mterim, till the return ; this mighty with some 

ppqiiBty, be called a detached 'scapemoit Perhaps, during the mo- 

tioaof the pendulum going through an arc of half a degree onlji it 

be giving too litde time to discharge one pallet^ and raise up 

other; but this is this proportion requved for such a modification^ 

If DO verge and crutch are usedi the length of the segment, or piece 

on the pendulum rod for discharging the swing wheel, may be 

■o as to discharge it, and even allow the pendulum to vibrate 

ftaelf fixr die space of two or three degrees. Slu)uld ihirty*five mi- 

of a degree be found too little, perhaps it may be practicable to 

and rotMf through an arc of forty or fiffy minutes ; but* 

to do this, will require a considerable force. But, supposing the 

dndwige of one pallet or detent, and the raising up of the othert 

fsild be d<»e in the course of the pendulum swinging throu^ one 

^Opee, the force required to do so cannot be little: this would give 

titfWf vibration an arc of two degrees to swing freely throuf^ and 

lUe detached from every thing else. It may be observed, that the 

vhale time given for the swing wheel tooth to raise a pallet up, may 

k taken from the discharge on the opposite side tMl its return tbeiet 

lUeh would be the double of one degree ; and here a less force may 

k required to raise the pallets up with the small wei^^ attached to 

tan than it would otherwise do.. 

h a 'scapement of this kind^ where an anchor on the veige is 
iiad, the discharging of the swing wheel from its locking takes place 
^ 84 minutes of a degree beyond the point of rest ; during the time 
that the pendulum swings through an arc of one degree and 26 mi- 
more, the swing wheel has got the pallet on the opposite aide 
and the time before it can be again unlocked* the pendulum, 
tn letnming, must swing through an arc of two degrees 34 nanutes* 

The force required to keep a pendulum in motion^ will dqiend oo 

tte wei^ of the pendulum ball ; half the force will keq> a pendu« 

1*1111 in motion, whose wei^ is only 12 lbs., that wiH be required to 

^aep one in motion of 24 lbs. 'Scapements in general have more 

fisvce than is necessary to keep the penduhmi in motion : and where 

ttb is the case, it must, according to the nature of the 'scapement, 

W either retarded or accelerated,— of course, the pendulum will not 

k so much under the influmice of gravity as we here wish to pro- 

poia. Let the flanches of the pallets be made so as to subtend a 

■ttU angle, they will then, with the smaU weights attached to them, 

27 
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be euier FBised up^ and having a little way to deacend and 
the penduhun, Ae force may be made auflkient to keep up the 
tioiit and yet leave a great part of it free and detached, and, aa 
were, wliolly under the force and influence of gravity^— a fiNrce 
muat be veiy uniform and constant 

Some idea of the expediency of allowing gravity to exert itaelf 
mndi aa possible oa the pendulum, may be taken from what 
served in our operations with the spring kind of pallets, by 
the diflbient eflfoct which diey had on the motion of the pendukiE^c^csa 
aecoiding as Ae springs were set strong, or less so. When tbey ^ 
somewhat of strength, diey made the pendulum to vibrate a 
of about 2 degrees 10 minutes; and here the clock had a 
to gain a few seconds in the day; setting the strength flie 
possible degree weaker, it gave a semi-arc of vibration of about 1 
gree 60 minutes ; with the shorter arc, the dock oug^t to have 
fester dwn it did before, whereas, on the contrary, it went akyweri 
die inftience of gravity being more distuibed in the first case 
in the last It is probable, that wbete the motion of a penduhmi 
kept iqp by a force just sufficient to do so, and no more, that tte 
ddhmiy in this case, would be more readily afiected by changea in 
density of the atmosphere, than it would be were theeaae 
yet there appeara'to be no reason here that we should interfera 
the influence of gravity on that account 1^ 

When the ball of a gridiron pendulum rod should happen to bo |i^ 
rather light, the performance here will not be so equal or sosiaaiiy 
as with a heavier one. Indeed, the weight of the entire pendaluixx 
should lie as much as possible in the ball itself, that U done wamy 
have all the momentum, or force of motion. Perhaps the legidBtfi- 
ty of some clocks, which have pendulums with a wooden rod, beside* 
having little or no variation in length from change of tempentava^ 
may owe a great pert of this to the small proportion which the wsj ^ 
of the rod bears to that of the ball, — these rods for a seconds Dsndfr* ik 
hmi being seldom much heavier than an ounce or two ; 
some cfHnpound pendulums, the parts composing the rod wiU 
to two, duee, four, or even five lbs. — In a Treaii8$ en 
by Dr. Olinthus Gregory, Yol. II. p. 3S9, Plate XXIX. FSg. 8, » 
deserqition is given of a very nice gravitating 'scapement of Mu^p^ 
contrivance. 

The properties of a good 'scapement are, that the impelling 
should be applied in the roost uniform and direct way, and with 
least friction and loss of motive power ; that it requiiea little or m^ i^ 
oil, and that the oscillations of the regulate, whether it iaa pead**' fuDi 
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km or a bahnoat be made in as free and undisturbed a manner aa 
po a riMo The nice execution required in a 'scapement, whether 
br a dock or a watch, fonnerly engrossed so much of the attMk- 
tion of woikmen, that Aej in some measure lost sig^ of the pro- 
perties of the penduhmi, as well as that of the spiral or bahmce 
^ng^and thought that the time-keeiHng of their madiines depended 
jaora on the 'scapement than on any other thing, witibout GODiddeiing 
dnt die regularity in time-keeping lies wholly, or almost so in the 
pondulum and in the spiral spring. Berthoud imputes 'a notion like 
Ais to Harrison, for attempting to make the 'scapement in his time- 
keepers, so, that the long and short vibrations shouki be made in 
•qoai times. Whereas he says, ^ he ought to have looked for this 
■m the isochronous property of the spiral or balance spring. But 
fliiB property (he adds) was unknown at that time to the IfiwglMili ai^ 
lisli, and was a discovery of those in Fiance, from whom the Eng- 
UaitistB afterwards obtained it" If this had been the case, how 
dUithappen, (andthal too to iong before the period uhm L§ Aoy 
siri Berikoud dupuUdf each eUmmmg the merii of hmomg firri made 
Af dueoMry of tkie properly in the epiral epring^) that Mudge should 
lwementi<Hied in his tract published in 1763, ««that the pendulum, or 
Maaoe qning, from physical princq)les, made the balance peifonn 
iekng and short vibrations in equal times?" He learned this from* 
Dr. Hooke's works, with which he was well acquainted ; for this pro- 
fatjr of springs was known to Dr. Hooke, and pointed out by him 
yn uds of an hundred years before Mudge published his pamphlet 
bkbat too true that few or none of the English artists appear to have 
beaa acquainted with these properties till very lately, thou^ Mr. Mudge 
hadadvertedto ihemsolong before, and ihaughibiej were contained 
^Iheworiaiof Dr. Hooke. Lepaute's book was published at Paris 
itt 1767 ; and it does not contain the most distant hint of these pro- 
P^slieiof the balance spring; hence they were not known there at 
^1^ time Lepaute wrote, otherwise he would have mentioned diem* 
^^^ing a man of genius and of considerable research. It was about 
^^ time, or soon after, that the dilutes commenced between Le Rof 
*>MBeitiioud regarding this subject 

If atcb-finishers always made the pendulum spiii^ for the watches 
^ their own finishing, while, at the same time, knowing nothing of 
^ properties, the general practice was to taper them, so that the 
^^^ils, while bending or unbending, should preserve an equal distance 
^ith one another ; and this method has been used ever since tiie ap- 
MiiMlkm of the spiral spring. Those who finished watches for Mu4ge 
^IM Diitton were never empkqred tonuike the penduhun spriqg: this 
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was always done at home b^eithwMudge or Dutton tfaemselTes, who, 
no doubt* endeavored to make them as nearly isochronous as posaBils. 
This, among other causes, perhaps, gave their watches the ceMmly 
which they at that time so deservedly acquired. 

As we shaU soon be on the subject of remontoirsv the foUowing 
history of them may not be impertinent : — ^The pallets of the 'ac^Mi 
ment at the turret clock in Greenwich Hospital are said to fawra 
been contrived by Mr. Smeaton, civil engineer. The following 
nanative will so fiur show how he came to be concerned in it If 
may be observed that he was at this time one of the Commis sio new 
of the said Ho^taL 

The tunet dock which is in the cupola of Greenwich Hospital^ 
was undertaken by the late Mr. John Hoknes, watch-maker, Lofr 
don, and executed, under his directions, by Mr. Thwaites. But b» 
fore any tiling was done, Mr. Holmes consulted two gentlemen, ¥eqr 
intimate ftiends of his; the one was the Rev. Professor Ludlam of 
Cambridge, the other Mr. Smeaton, both of whom were emJiWBtly 
qualiiied to give sueh advice as was wanted in this business, dbt oidj 
about the 'scapement, but how every part of the clock should be fitted 
up, so as to insure safety and utility in its performance. Several ¥eqr 
long and masteriy letters (of which we have copies, though none of 
the originals were ever published,) passed between them on this oca^ 
sion,and evince much ingenuity. They agreed that the 'scapemeni 
should have a recoil. Mr. Smeaton recommended that the paUets, 
in place of having planes, as was common for their acting parts, 
should have curved surfaces, — ^the leading pallet being concave, and 
the driving one convex ; and when the pendulum was at or near to 
the extremity of the vibration, the 'scapement should then be neariy 
dead. This was, he said, what ^^ old FtUher Hindley at York had 
ultimately come into." Professor Ludlam advised that the swing 
wheel teeth should be thick and deep, and of such a shape as to roU on 
the pallets, and not to slide on them, which would prevent biting or 
wearing. The pallet arms were of brass, made so as to put it in the 
power of the clock-maker to take the pallets very easily out, when 
repairing was necessary. These methods had long before this been 
used by Harrison, and were adopted in a clock of his in Trinity 
College, Cambridge, as mentioned by the Professor. Broad rub* 
bing surfaces were strongly advised by them. Mr. Smeaion^ ai tkU 
periodj took away gudgeom from a miU wheels tchose diameters wer€ 
only two and a half inches^ and put others in their place of eight 
inches^ vnth great success^ as it afterwards proved. On the same 
principles which have just been mentioned, was the 'scapement 
made for the clock which the author put up in St Andrew's churcht 
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EdiBbiirg^ ; and ahhough it has been going well on to forty jenm^ 
tee 18 not jet the smalleflt a|^>earance of biting or wearing on the 
pdBtii 

'ScapementB have been divided into classes, one of which has been 
cded flmt of the remanUnr kind. Now the mechamsm of a rernon- 
toir Bif be applied to any 'scap«nent ; and even then it can hardly be 
sod to Ibnn a part of it« more than the wheels of the movement^ or the 
v^ght which impels them. 

The motive force, passing through the wheels, may at times be ui- 
sfMly impressed upon the 'scapement, either of a clock or a watch. 
TUi idea gave rise to the invention of what has been called remomUrin ; 
Aitiii that the movement should at intervals be made to wind up ei- 
Avamall wdght,or bend up a delicate spring, which alone should 
1^ its force to the 'scapement, by which means the pendulum or baW 
■fle is supposed to be always impelled by an equal and uniform force, 
lb eailiest thing of this sort was used about die year 1600. Huy- 
||bH applied it to some of his clocks, and gives a description of it n 
kb Arofognim (hciUaiorium ; and Harrison had one in the marine 
t hw keeper , which gained him the great reward. We are of ofwiion 
Aitthey are of no great use, either to a dock or to a spring time-piece ; 
ftrif the pendulum of the one is well fixed, and the momentum of the 
Mis not too little, any small inequalities of the motive force through 
fc wheels will hardly be perceptible ; and in the spring time-keeper, 
fc isochronism of the pendulum or balance spring is sufficient to cor^ 
nctiny inequalities whatever in die motive force. As their mechanism, 
', is curious, and has been rarely described, it may not be unin- 
to the reader to have an account of it, and also such as wouM 
the olock«maker to construct and adopt it, should he dunk 

IW one which is proposed to be described, is that which we contriv- 
ed fer die clock in St Andrew's Church, Edinburgh. Suppose a small 
faoM, separate,^ and independent of the clock frame, to contain two 
vkds, one of which is the swing wheel, the frame having within it 
fc^ciq»ement work also. The other wheel is crossed out so as to be 
1^ lig^ the rim being left just so broad as to admit fixing on it seven 
beed pieces or teeth, each about a quarter of an inch thick, and half an 
Ui kmg, three of which are on one side of the rim, and four on the oth- 
er tide. Three on each side have the knees of different heights, corres- 
ponding each to each ; the fourth is a litde higher than either of the third 
^bst The wheel on which these are fixed has a tooth prolonged be- 
fondtherim, of the same thickness and length as the others, making eight 
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teedi in all* having a small apace left between each. Theae U 
come aa it were eo many fAeela* but in diflSaient planeSf and are i 
distances from one another, with die same extent of radius comiiij 
centre of the swing wheel aiboTi being just so much larger dian 
the swing wheel» as to allow the swing wheel teeth to clear di 
of tf. The edges or sides of the teeth which rest on the awiq 
aibor are planes* and rounded off on the qypoaite sides to th 
or angle formed by this plane. The aibor of the swing lAk 
eJ^ notches cut into it a little beyond the centre. Theae 
pond to the ei^ teeth of the other wheel, and are aiiflidentl 
and deq> to allow the teeth to pass fireely through them. Ead 
stands at an angle of 45 degrees to the one which is next it, 
diflbrenoe is continued along the aibor, through the whole« ; 
860 degrees for one revolution of the swing wheeL On each 
aibon of these wheels, is fixed a pulley, having a square bol 
which were set ten hard tempered steel pins, a little temperedi 
thing like the pulleys at the old thirty-hour clocks, but the bol 
^H^iich was a round groove in place of a square. The penduk 
fixed to the wall of the steeple, as well as the firame contaiii 
'scapement work, and with the apparatus which has been dei 
The aibor of the ei^tFtoothed wheel had one of its pivots pn 
with a square made on the end outside. The clock frame coc 
the movement was in the middle or centre part of the stee|de 
pinion in it, which represented or bad the place of the swing 
pinion; bad one of its pivots also prolonged and squared oi 
these squared parts of the pivots were connected by a steel ro 
Hooka's joints. The main weight of the clock being put on 
urge not only the wheels to turn, but also that wheel having the 
teeth ; and some one or other of these teeth pressing on the a 
the swing wheel, they cannott urn, consequently none of those 
large fitune can turn, nor can the swing wheel turn here, 
some other means are used. An endless chain was provide 
passed over the two pulleys fixed on the wheel arbors,* and throu 
common pulleys, to one of which is hung the small weight that is 
round the swing wheel, and to the other a counter weight 
weig^ which turns the swing wheel has its force applied on thi 
so as to make the wheel act properly with the pallets; now, 
the swing wheel is turning, the pendulum being suppoaed in i 
one of the other wheel teeth is gently pressing on its arbor, 
ever this tooth meets with its own notch, it will, by means 
main weight, be made to pass quickly through it; while pt 
the small weight is wound up a Uttle by the main one ; the su 
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lag toodi tlwn meetiiig with the swing wheel acbor, rests oa ft for a 
qsHlsr of a miniile» till its notch comes about ; it then passes in ita 
tanii and so on. The swing wheel makes a revolution erery two 
mimrf— ^ jn which time the wheel with the eight teeth makes also one. 
The ninnte handf by this mechanianif ai tiu Hme of any of the iulk 
fmmg Ummgh the notekei^ makes a start every quarter of a mi- 
BBto; and at every such passings the small weif^ as has been statp 
«4 » vound up a little by the great or main one* After the clock 
lad gone a considerable time with this, it was found that the kneed 
gut a little swelled^ or staved up* on their parts of restt by the 
of the main weight, which made them fidl too rapidly on HiA 
whed arbor. 
TosesMdytfaisi an endless screw wheel was put on the aibcMr of the 
iwientiiii' wheel, or wheel toUh the laued teeih^ working into an up- 
a^endless screw, on the upper end of whose arbor was fixed a prat- 
tj Imgo fly, in order to lessen the velocity of the remontoir wheelf 
mat aaake die kneed teeth M gently on the swing wheel arbcMr. This 
ki^pad the aweOkig greatly, but did not entirely prevent it taking 
phei^ though it now came slowly on, and existed in a less degree. 
The endless chain had also a tendency to wear fiurt ; in consequence 
of drii^ and no provision being made for the swelHpg of the kneed 
tesdi, uriiich might have been done in some degree, by making the 
on die swing wheel arbor much wider at first than was require 
fir dnm when newly finished and first iqiplied, this part of the 
waa taken away, and the rod with Hooke's joints was put 
dia aquare of the pivot of the swing wheel aibor pralonged on the 
of its finme. These matters being previously guarded againstf 
it lai^ be well for some artist, in future, to try such a remontoir. 
Andog the four years it was in use, the clock went uncommonly welU 
die admiration of all, and particulariy a gentleman who Kved 
the church, who was an amateur in horology. One of our 
iriw took an interest in this clock, said it did not do so well after 
moontoir was taken away. This, however, may have been moro 
to a change in the position of the wei^its, than to any thing 
oecasioned by a chime of &^ bells being put up in the steeple. 
^or Ae waists, in place of having their natural foil, were now carried 
way iq> in the steeple above the bells and clock, in order to 
down again ; and here a complication of rollers and pulleys became 




A. apjienie was made out, to make the rewinding by a spring, in or^ 
to get rid of pulleys and the endless chain, but being a thing that 
^ none likely to be adopted, it becomes therefore unnecessary to 
^Mribeit 
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We'obeerve a model, aomething like thitf has hteljr been given m< 
the Society for the Encouragement of Arts, &c by an iM and eioelki 
workman of our own bringing up. See YoL XLII. of that SodaljF 
Transactions. 

This clock was put up in the beginning of the year 1788; aft 
going till August 1796, being eight years and three quartere nami 
k was taken down and cleaned ; during the period it beid been goi^ 
two sets of pins in the rewinding pulleys were neariy worn oat Tl 
endless chain seemed also to wear veiy fast ; in short, the rewinds 
part seemed to promise much, but being liable to so many accidsBl 
frequently causing the clock to stop, from these parts wearing aofia 
it was thought proper to take it away, and to connect the awii 
wheel aibcMT with the pinion which ran within the main fiame ; for tt 
purpose the swing wheel got another arbor, with one of the piva 
thick and prolonged outside, so as to have part of it squared ; betwei 
it and the square part of the jMnion in the main frame, a conoeding n 
with Hookers jdnts was put, by this means an immediate comn 
nication took place between the main frame and die swing wbeeir 
thus removing all the accidents continually attending the rewinds 
part. The clock nevertheless seemed to perform very well : the pa 
dulum being firmly fixed to the wall of the steeple, certainly contzibute 
not a little to tlus. 

After this alteration had been made, the arc of the pendulum's v 
bration increased very much beyond what it was before; in order i 
bring it back to its former arc, it was found necessary to reduce the goii 
weight considerably. Does not this say that much of the force of tl 
main weight must have been taken up, in the rewinding of the sma 
weight which carried the swing wheel forward ? May not this be tl 
same in all cases, where a rewinding part is introduced, such as in Hai 
rison's, Mudge's, Haley's, &c. ? They are all on the same jnincipli 
only differently modified. 

It must be confessed, that in the apparatus of rewinders, there i 
an appearance of their giving an equal impulse at all tiroes to the n 
gulator of the machine, whether it is a pendulum or a balance; i 
our experience with them, they have always been found so far uselesi 
that there seemed to be no possibility of keeping them constantlj t 
their purpose. Having in one instance applied to a spring time-piec< 
a rewinder made af\er that of Haley's, and notwithstaiMling a con 
tinuance of repeated trials, and every thing done in order to make it d 
what was intended, yet, afler all^ it was at last found requisite to tak< 
it away. 

H is singular, in all their corrBspotkdence with Mr. Holmes, neithe 
Smeaton nor Ludlam ever once hinted of applying a rewinder to tb 
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tOMt Kiotki which at that time was in httilds folr the Rojal Hos^tal 
It Greeawichv seeing the great anxiety they displayed to have it as 
enB|iie(e as possible, they surely were not igi^orant of the mechanism 
ofnch a thing; Ludlam in particular^ who had been appointed by 
11m Beard of Longitude, as a man of talent, to take from Harrison 
IB apiuiatioQ of the mechanism of his time-keeper ; they must have 
kwrn something of the ticklishness or fallibflity of a rewinder, ot 
fokps they thought it of little or no use^ so fkr as regarded the 
■iHng of a strong and sound clock. At the time we were making 
If fte ckx:k for St Andrew's church, Mr. Holmes very kindly senti 
far oor information, the letters which Smeatonand Ludlam had writ' 
tai to hipi, when he was engaged with tiie clock for Greenwich Hos- 
fUt it must be allowed that they are invaluable, so far as regards 
fe anking up of turret clocks. The late Professor Robison having 
golaieadmgof them, was so highly pleased^ that he took a kind of 
iskrart, and entered into such ideas as he thought mig^t improve 
AeekKkfor St Andrew's church ; among other things, he suggested 
Aitof a rewinder. He had been talking to the late Dr. Johnllut* 
ta| and the celebrated Jtmes WaiU of our making up the dockf 
nl in a note sent, says, *' They have just been with me^ and have 
wmnA me, that the transparent black gwpflint is of prodigious 
MneaSf and takes an exquisite polish ; the white flint is not near so 
U, and the dull black flint is gritty. Mr. Watt advises to make 
A» swing wheel of hard steel, or toughish bell metal ; because, all sort 
tf BBtals, such as brass, take hold of the dust and other grinding mat* 
ta, it stkks fast on their surface, and hence will cut the pallets* 
Hsiko disapproves of friction rollers in the dial-work, because, when 
^ of order, they cannot easily be got at to be repaired. He recom* 
L'a slip of thin tanned leatiier, soaked in ofl, not Umeedj be* 
the hour-hand socket, and the minute-hand rod; it keeps out 
d M and dust, and will last forever, even under very great pressurOf 
** be has experienced in kia Engines J* 

PMessor Robison was deservedly allowed to be a very able philb« 
—p ha ft and may be considered to have been more or less an adept 
^ d the sciences, but perhaps had not that experience with clocks 
Hich Smeaton and Ludlam seem to have possessed ; indeed Smea- 
taa was bred a clock-maker with the celebrated Henry Hindley of 
Tcik. 

JfUwUhaiandmg Mr. WaiVs ohservaUonSi the swing wheel was 
■ide of very fine brass, and the pallets of steel very hard tempered, 
isd, after going nearly forty years, there is hardly any appearance of 
Wag or wearing to be seen on them, as has already been stated $ 

28 
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it iBtruetiiat the 'scqieinent woric and its fnune, were inclosed k a 
wooden box, in order to prevent dust getting to it It was nsvarm 
our contemplation to use friction rollers to the dial i^ieels ; Aej m 
however fitted up in such a manner, that neither the hour wheel soduti 
nor the rod of the minute hand wheel, can tend to pinch one another 
in their end shakes. A piece of leather, however thin, could not woB 
be introduced into the hour wheel socket ; leather might have been put 
into the socket at the centre of the dial where the hands bear, thoq^ 
with no great pressure, chiefly on the hour hand socket ; but the molios 
is so very slow, making one revolution only in 12 hours, that even kgn 
leather was hardly necessary. 

Having said so much about rewinders, we may give BettfaooA 
opinion of them, after giving the description of the 'scapement cod- 
trifed by Mudge for his time-keepers. He says, " The 
lion of this 'scapement must appear seducing, yet it is to be 
ed, that a mechanism so complicated, and whose effects are so 
cannot be easily put in practice; for it requires an extreme predaoift. 
of execution to make its performances sure, such as the stoppiiig oC 
the balance wheel teeth by the nibs of the paUeU; also to 
their axes coinaide exactly with that of the balance, the pallets in 
winding, increasing the friction of the regulator, two pivots of 
pallets are constantly in action, during each vibration, which comei to 
be the same thing as if the balance had four pivots, &c." 

*'We shall observe, moreover, says Berthoud, that the regobiar 
of Mr. Mudge is composed of four spiral springs, two for the paUetffy 
that is, one for each pallet arbor, and two for the balance, and tiiB80 
ought to obtain isochronism ; for it is indispensably necessary in 
portable machine, that the oscillations of unequal extent of the ba- 
lance should be isochrone ; now, if they are so, the mechanism of tli0 
rcmontotr, or that of rewinding, is not of any use ; and if they ai0 
not so, 'the chronometer will vary twlmthstanding the rtumitrw 
when by agitations or shocks the balance shall describe the gieateit <^ 
the smallest arcs, and when these arcs shall vaiy, cither from Aefiic' 
tion of the pivots, or from a change of force in the spirals, prodneed 
by heat or by cold, &c. See Histoire dt la Mimrt du Tmnps^ torn, a- 
p. 50. 

It is a great many years since Mr. Charles Haley took outapn^ 
tent for a rewinder ; and soon after this, Mr. Delafons contrived mi^ 
ther, both of a very nice construction, — a description of which is givtf* 
in the Transactions of the Society for the encouragement of M^ 
Conmicrce, and Manufactures; how far they answered the end pr^ 
poeed wo have not been able to learn, although our utmost eode*" 
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forv were exerted to procure this informatioii. A veiy ingeaioiB 
ifaing of this kind has lately been put to a chronometer by Mr. 
8k, wi m g9on r, wakh'makerj GkugofPy an arliai of conrideraUe folM; 

tm eaihtaiatt in his profeasion, which appears to promise well ; 

ws sincerely wish that it may come up to meet his most sangmnd 



Harrison's remontoir was a very delicate spring, which was b^it or 

op eight times in a minute. Were it necessaryy a more pai^ 

teahr description could be given of it than what is detaUed in the 

doBCiiptioa of his time-keeper. In Haley's, the remontoir is bent 

vp 160 times in a minute. In the 'scapement of Mudge^s marioe 

tin&keepers, what may be called the remontoir, was bent up 300 timed 

m a minate; die 'scapement here became, in some degree, whollf 

fafMMmlofr. A variety of clock 'scapements may be seen in Thiouli 

■ri in some of the modern periodical works ; yet, for the |ifUrpofe6 

of eoimnon and ordinary sort of clocks, they are con&ied chiefly t6 

ion of the dead beat, and the recoil. Where accurate perfonhhaMM 

■nqmredand expected, some may have recourse to 'sciqpemeDii of 

• tferent description. 

About the year 1752, Le Roy, Lepaute, and other clock-makeril 

■ Fhris, were much engaged in making clocks having only (m6 

iM in them, and some had not even a single wheel in the movement 

prt. They were, however, more expensive in making, and perfenn* 

^ nmeh worse than those which were constructed in the ordinal^ 

^. Simplicity in the machinery seems to have been their cj^ief 

^^^jbct It requires, however, exp erience to know what simplicitj hi 

Siiclnieiy is; although apparently more simple, a clock having two 

^keb will not be equal to that having three or four; yet it does 

WfeHow, that, by having more wheels, the clock wiU be proportional 

fy tatter. It has already been mentioned, that there are bounds wfaidi 

^^trnaH be ovwstepped with impunity. 

^, Afar subject cannot be bettor exemplified than by making acompft^ 
of one of Hindley's clocks having two wheels, and the pen#l 
giving thirty vibrations in a minute, with a clock giving ibe same 
^mber of vibrations in the same time, and with three idieels. 

The first or great wheel in one of Hindley's had 180 teeth, the 

^^eond or swing wheel 120, and the pinion 8. The number of diesa 

^eelh and pinion-leaves amounts to 308. In the other, the wheels 

^^«re48, 40, and 30, with two pinions of 8 ; the sum of these is 134 ; 

te difierence is 174, being the nunlbcr of teeth more m the otie 

docktfaan in the other, and which is greater than the number of the 

toelh in the three-wheeled clock taken altogether. 

We shaH now proceed to give a short account of such watch 'seape- 
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mants as have been thougbt worthy of notice^ from the ancieiit cnma 
triieel and verge one, to the modem free or detached 'acapeiiMoli 
but in order that the reader may be able to . follow our deBcriptioiiif 
we have given from Berthoud a view of an assemblage of ndieels aad 
pinions, to represent something like the movement of a watch or 
small time-piece. They are contained in a frame made for the puiiioia 
of allowing them to be more readily seen. D £, Plate Ylllt No. 4S, 
is the pillar plate, or pillar frame plate ; G F, the fore jdate of Iha 
frame ; A, is the balance ; the arbor or axis on which it is fixed* ii 
the verge, whose two pallets p p, 'scape with the teeth of dm croiRi 
wheel C. The pivots of the balance turn or run in the firame ; tlKMe 
o[ the crown wheel C, and of its pinion d^ run in the potence I, aad 
in the counter potence H, both of which are screwed on the inside «f 
^ pillar plate, the arbor of the pinion d being at right anglei to 
the Qzis of the balance. The contrate wheel K, and its pikiioo c, 
turn also into the frame ; the teeth of the contrate v^heel pitch inlo tk 
balance (or crown) wheel pinion, and can turn or drive it ; the HA, 
mdieel L, and its pinion 6, run in the frame ; the teeth of the tt4 
wheel pitch into the contrate wheel pinion and turn it The cento 
<x second wheel M, and its pinion a, have a long aibor going b^ 
yond the outside of the dial R S. The second wheel M ]MtcheB iMk 
die third wheel pinion 6, which it likewise can turn. N is the fint w 
great wheel pitching with the second wheel pinion a; X is the lat^ 
chet, m the click, and n its spring. On the arbor of the great wheel 
the ratchet is fixed, and on winding up the main-spring, the ratohei 
and arbor turn freely in the hole at the centre of the great wheel 
which keeps its place during the time of winding. O P ib the 
main-spring deprived of its barrel, the inner end of it hooks on to ,* 
the lower part of the great wheel arbor, and the outer end is hodoBd 
tothp barrel, but is here fixed to a temporary stud« The force of 
the main-spring, afler being wound up, sets all the wheels and pi" 
^ions in motion, and would oblige the ratchet and arbor to tai% 
r^imd independent of the great wheel ; by this the main spring wpoU 
be instandy unbent, but is prevented from this by the click m beiog 
forced by its spring n to fall into the teeth of the ratchet, applpag 
its end to the face of the ratchet teeth : by this means the maia 
spring must unbend itself very slowly, the motion of the wheels beiqg 
checked by the 'scaping of the verge with the crown-wheel teedi* 
Q is the canon pinion, put spring tight on the arbor of die secoof^ 
wheel, whose socket or canon goes outside or beyond the dial, wh0i^ 
it is squared for the purpose of the minute-hand being put on it T 
is the minute whec^l, gf its pinion; diecaaoA pinion pitohes into oc 
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keMb the minute wheel ; the hour wheel Y, having a hollow aiiior 
m aocket, I, is [mt on the canon pinion, and is led by the minute 
pinioDy which pitches into its teeth. It is on the socket of the hour 
«M| which comes a little above the dial, that die hour^iand is put 
WlMaawbeel pitches with apinionf and turns it, the pinion is said 
to be driven by the wheel ; if the pinion turns the wheel, the wheel 
if dm said to be led by the pinion. No pendulum or bahnoe spring 
Uqg at the movement, (No. 43.) yet we may suppose one to be so, 
kiiig its inner end fixed to a collet, which goes spring tight on the 
•lii of the balance ; the outer end is fixed or pinned into a stud fixed 
m ttta inside of the fore-plate. In the action of the crown-wheel teeth 
m fte pallets, the balance spring is either bent up or unbending ; it 
ii ky the small force of it, that the balance is made to give twice the 
MfllMr of vibrations in a given time that it would give without it I^ 
AdoU have been observed, that by putting a key on the square of the 
oooQ innion, and turning it about, this will not only move the minute 
kid round, but will oblige the hour hand to follow slowly, in the ratio of 
«8 tora to twelve of the minute hand. 

The first watches may readily be supposed to have been of rude 
aieeut i on* Having no pendulum spring, and only an hour hand, 
al being wound up twice a day, they could not be expected to keep 
'fae nearer than 16 or 20 minutes in the twelve hours. After the 
qieitkm of the pendulum spring, they would no doubt go con- 
■ i wb ly better, and may now be made to keep time sufficiently 
eoneet for the ordinary purposes of life. Indeed, when the crown 
vlnland verge 'scapement is executed with care, it will do unccmi- 
■nijr wdl. Let the angle of the verge be 95 degrees or upwards, the 
M of tfie crown wheel undercut to an angle of 28 or 30 degrees, 
^ *9afed as near to the body of the verge as just to be dear of it ; 
(it ii to be understood here that the verge holes are jewelled.) To 
dnyjlie matter still farther, the body may so far be taken away as 
ttiUt the teeth near to the centre, which wiU tend to allow the 
Anlioos of the balance to move more freely and independenttjr ; 
Wt die requires such nice execution Aere, and in other parts of the 
^w^pmenf, that, from not having encouragement, few are fit to exe- 
cute it, and therefore it may in general be safer not to bring the wheel 
Ml so near to the body of the verge. Care must also be taken to 
kie the balance of a proper diameter and weight, which has of late 
beea much neglected, since the old fashion of half-timeing has been 
faft off; that is, making the watch go without the pendulum spring, 
--if it goes slow, 30, 32, or 33 minutes in an hour, the balance may 
be CQQsidQred of such a weight, as to be in no danger of knocking on 
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the bankingf from any external motidn dke watch Amy meet widi it 
fiur wearing. Whoi the pallets of the verge are banked on piM m 
the potenee, they shouldi to prevent stndningf both bank tttthe 
time, alteniitely die face of one pallet on a pin, when the back of the 
IB on its-puif or the banking may be done in the rim of tfa» bakacef faii 
not near the edge of it Which of the two is preferable* we ehalt nit 
atop to deternnne. 

The verge watch^ as has been already saidi will perform extrMnif 
wdL Aboat 40 years ago nearly, we had some of them made up itt 
such a way, that they went fully as well as any horizontal 'scapemaob 
and for a longer time, — ^this last requiring oil to the cylinder after g^ 
ingten or twelve months. Oil, however, should never |}e alknuAd-li 
come near the wheel teeth or pallets of a verge. Vetge or coaMk 
wheel watches have, of late years, been very much overlooked Ml 
neglected in many respects, and in none more so than in the reWia 
position of the balance wheel and contrate wheel arbors. They vs 
rarely seen, but at a considerable distance from one another, fiUk 
gives a very oblique direction in the pitching of the contrate wM 
with the balance wheel pinion. It is well known, that where fiwoeit 
indntctly 6r obliquely applied, it will work under great disadvMftf* 
These arbors ought to be placed as near to each other as can heb hi 
order to obtain this, reduce the balance wheel pinion arbor (omsHb' 
the end to the smallest size it will bear ; and, turning a hollow out of 
that of the contrate wheel arbor, this will allow them to come verjr 
near the line of their centres. To get this pitching to the greatest td* 
vantage, some place their counter-potence within the rim, and near tho 
arbor of the contrate wheel, so as to have the line of thebokuloe-wberf 
pinion direct to the centre of the contrate whed^ as maybe seeai^ 
Plate VIII. No. 43. 

It has been recommended by a very celebrated artist, that ^ 
movement wheels should be placed in such a maimer as to act it 
equal distances from the pivots of those pinions which they drivSi M 
order to divide the pressure or action of the wheel between die pifot^ 
and that one pivot should not bear more than the other. This is ip* 
parently sound reasoning ; but, having put it in execution, the fkfd^ 
unexpectedly seemed to wear very fast, even more so than in t^ 
common barred movement, — the pivots, it is true, were small, 9/i 
the motive force rather great It is to be wished that a further tpd 
should be made, to bring it completely to the test No pivots fc*** 
been found to stand so well as those in movements of the double ^if^ 
red sort 

A pendulum spring collet, made as it ought to be, i» a» seMoio ^ 
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el vkh, as that which we have noticed regantiiig the posUUmM 
i coDtrate and balance wheel arbors. Yet, simple as the thing 
seems to require a rule to show how it ahoidd be done^ there 
mig to be no such rule at present, if we may judge by ^e 
sr part of those which have hitherto been made. The ring of 
oftet should be no broader than to allow a hole to receive the 
Jum spring and pin which fixes it The M made in the coUet, 
) purpose of its being dways spring tight on the outside tap^ of 
nder, or verge collet, tapered a little inwards, should be put 
to where the small end of the pin comes, when the spring is 
1 fibst in. The pendulum spring in this case will have the 
r inner coil at such a distance as to allow the point of a sm^l 
•driver to get into the slit, without any danger to the spring, 
it is wanted to set the coUet and spring to any required place. 
Shi is put at the other end of the [hu, wh^re it is oft^ier than 
Hbere else, it is evident that the woiiunan cannot get into k 
It danger to the spring. The outer end of the pendulum sfmng 
to be pinned or fixed into a brass cock or stud; in performing 
peration, it goes easily on, whereas, with steel cocks or studs, 
is a crossness or trouble, which shows that they should never 
)d, independent of other reasons that might be urged. These 
ind cocks are in general very improperiy placed, being pot 
^eater distance from the cuib pins than is requisite. We have 
his distance so great, that the motion of the pendulum spring 
A the stud and the puis was such, as to take away a part from 
ribration of the balance ; which is something like a pendidum 
suspended to a vibratory or ill fixed cock, where it would not 
lowed to have half the motion it would have otherwise ae- 

m years ago, our modem improvers would hav^e the joint tnms- 
from the pillar-plate to the brass edge ; nothing worse could 
been proposed. In the old way, the whole of the movement 
ept in its place, by the united assistance of the joint, and of 
It and its spring ; whereas, in the other way, the movement has 
e dependence on the pins of the brass edge feet, from which 
lently would be disengaged, by violent exercise on horseback, &c. 
m what has been said of the imperfections in watches, it may 
;n, that they inevitably arise from the want of that energy of 
in workmen, of which not one in a hundred is possessed. Can 
be supposed that every new watch which is purchased is com* 
md requires no assistance? Whoever thinks so, nniat, and 
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will be disappointed. On finding it not go as they expectedt bring ^ 
to some watch-maker or other, many of whom cannot put it in a bett^^M 
state than that in which the workman or finisher gave it aa complete. 
But it is brought to him, not with the view of having any thing d 
to it, as it is mppoaed to require nothings but merely to see what is 
matter with it, never considering that any irregular going, or 8toppbv^K3j 
must imply some fault or other, and is the very cause that brings thee 
to the watch-maker. It does not follow, however, from this, 
every watch which stops is badly executed ; this will happen sometime ^ 
with those of the very best execution, and frequently from an 




nicety of the finisher. On the watch being lefl, he (the watch-maku i iij 

takes it down, examines it, and reports accordingly what is necessa'. - JJ 

to make it keep time. The owner, on being told aflerwards, lhat=^ it 

will cost so much to make it do what is required, frequently 

strongly suspects, though he may be polite enough not tosaysoi 

there must be some imposition on the part of the watch-maker* 

is the trouble many watch-makers have of rectifying the fiuiHs of 

given in, and large sums paid for such alteration of work though 

ginally to have been complete. We have known four guineas paid Uy 

workman for doing a particular branch : ^ and it not being executed 

the satisfaction of the watch-maker, he has given half as much more 

another to have it corrected. There are as few who excel in this 

as in those of sculpture, painting, and engraving, which are called 

fino arts, — a name to which watch-making, in every sense of the woi 

is equally entitled, but which labors under the great misfortune in m 

being properly seen, that few or none are enabled to appreciate 

merits even of the finest executed piece. This will ultimately sii 

the profession to nothing, which, we are afraid, it is daily doing, 

so much so, that no young man can now be found to go to it 

has got the smallest degree of education, or of ingenuity ; and 

the provincial towns decline to give their quota in this way, the 

pitals H-ill not be able to support the character that such a professio^::^ 

requires, from ^'ant of a supply of hands. 

The old 'scapemcnt, even aflter the application of the penduJui 
and of the pendulum spring, not giving that satisfaction which 
required or expected, induced both Hooke and Huyghens to think 
other means of improving it, or to substitute a superior mechanism ii- '^ 
its place. In this pursuit the mechanical talents of Hooke stood con^ 
spicuously eminent over those of the justly celebrated Huyj^ens^ 
Some of the movements of Huyghens' watches, or time-keepers, wei^^ 
much larger than those of our box chronometers. The contrate whec^ 
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^ras cut into teoth of the same form as those of the common crown 
'ivheel, and made to 'scape with a verge of the usual kind. On the 
msis of this verge was a sort of contrate or crown wheel, having teeth 
like the ordinary contrate wheel, which drove a pinion fixed on the 
tMJoa of the balance. The verge, when 'scaping with its wheel, caused 
the balance to make several revolutions from every impulse on the 
pallets ; some of them had no pendulum spring, having been made 
perhaps before its application. Wlien the balance made several re- 
solutions in every vibration, each being two seconds, this 'scapement 
would bo but ill suited for the coils of a pendulum spring. Those 
having the pendulum spring appeared about 1676. This was the 
origin of the half-timeing which we have alluded to, upon seeing, that 
when the pendulum spring was applied, it made the balance give two 
fihreiions in the same time that it gave one without it; a paiticular 
nGBTODce to Plate YIU. No. 44, may tend to show the action of this 
maehanism still better than what has been given or said of it In 
die firame A B is contained the contrate wheel E £, whose teetbt 
hpiace of being of the ordinary form, are like the common crown 
wheel teeth, and 'scape with the pallets on the verge / e; on it 
iB rifeted an ordinary contrate wheel D D, whose teeth pitch in with 
the pinicm d c ; the pinion being the axis of the balance C C, kept 
aita place by a cock of the usual l^d, the foot pivot turning in the 
bwer frame plate ; a a represents the pendulum spring as seen edge- 
win. 

About the same period, Dr. Hooke brought into notice his watch 
with a new 'scapement, which, for seventeen years before, he had 
been privately endeavoring to improve. This was very different 
fiom die old crown wheel one, and as much so from that of Huyghens'. 
It hsd two balances, on the axis of each was a toothed wheel pitch- 
ng into one another ; the verge or axis of these balances had each a 
IKUet cm it : The balance wheel was flat, having a few ratchet or saw- 
Uateeth ; its arbor run within the frame, parallel to those of the bih 
Usees, at a point equally distant from their centres ; the three points 
firauog as it were the angles of an equilateral triangle. When a 
^ooth of the balance wheel gave impulse on one paUet, the other, by 
^ pitching of the two wheels, was brought about to meet another 
^ooth, after the wheel had escaped from the paUei an the opposite 
*>^ in order to receive impulse in its turn. There was a pendulum 
spring on one of the balances, and the object of their being pitched 
^gether was to prevent the effect of external motion on them, while 
it served the double puq>osc of bringing alternately about the pal- 

29 
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lets, and still gate some little recoil to the wheels by the reaction o 
the balances. Although this was a very ingenious contrivance fa 
a 'scapement, yet it appears not to have given that satisfaction wfaid 
was expected, frohabh§ from indifferent execution, cw, from SuUeif, 
account^ toas the case^ and the old one was again resumed. Howevei 
some years afterwards, other artists, among whom was Duiertre^ wen 
attracted by this 'scapement of Dr. Hooke's, and were led from tim 
to time to make improvements on it. From it, originated the dii|te 
'sc^)ement, which has of late years been so much in repute. A laigi 
old German clock had a 'scapement on the same principle as the abov« 
of which the maker's name is unknown; see Thiout, tom. 1. p. 110 
and Plate XLIII. Fig. 31. Dn Hooke's claim to his own 'scapemen 
remains however undisputed. 

The fiunous Tompion (who was upwards of sixty years in buaiiieai 
as a watch-maker, in London, and who, by his labors, contrOmtei 
greatly to the reputation that the art had acquired in England) mad 
a 'scapement about 1695, and flattered himself by its succeeding as ai 
improvement The verge, or axis of the balance, was a small wriii 
steel cylinder, cut across at the middle, and nearly half way down 
in the longitudinal direction of the cylinder, a deep angular nolcl 
was made, forming a sort of pallet on the lef\ hand side ; the balanei 
wheel was flat, and much like Dr. Hooke's, the spaces between th 
teeth sufficiently wide to allow the cylinder to turn freely betweei 
them. When a tooth of the wheel had impelled the i)aUet, on 'scap 
ing from it, the following tooth dropped on the outside of the cylinde 
near the right edge, resting on the cylinder during this vibration o 
the balance ; afler passing the right edge, and meeting a litde reooL 
it got again on the pallet and gave a new impulse, which took plac 
only at every second vibration. An excellent property was observes 
in this 'scapement, that any inequalities in the motive force made m 
deviation in its time-keeping ; but the friction of the balance-whe- 
teeth on the cylinder and its edges, was so great and destructive, ths 
it was given up in consequence. 

Knowing what Tompion had been doing, hein^ bred under hxr- 
Graham, a good many years after, set to work with the cyhndfl 
'scapement, and ultimately succeeded. Although this 'scapement 
now pretty generally known, yet wc may be allowed to give an a* 
count of what he did. In place of Tompion's solid cylinder, la 
made a hollow one, see Plate III. No. 18 : On the points of Ton: 
pion's wheel teeth were raised something like small pins or stems, o. 
the tops of which a sort of inclined or wedge-like teeth were formed 
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of such a length as to have a very little fireedom when in the inaide of 
the cfMer, and the outside of the cylinder to have the same freev 
dcHD between the point of one tooth and the heel of the other. A 
nQtah or opening was made across the cylinder not quite half way 
down the diameter ; the edges of the cylinder made by thig openingt 
weredressed so that the curved edge of the tooth might q>erate eaai- 
IjToothem; the lefl hand edge was flonched outward* the right hand 
roanded ; when the balance was at rest, and the wheel in its place to 
'mpe, die point of the tooth got then just in on the cylinder edges 
nd DO more ; a second notch was made below the other, to allow the 
kttom of the wheel to pass, leaving hardly a fourth of the circum- 
ference of the cylinder, the other leaving more than a semicircle. 
Thehi^iest part of the wedge or curved teeth being in a circle^ greatei 
orbejond that on which the point was, it is evident, that if the wheel 
ii Ujged forward, it will make the cylinder to turn, and the angle 
of^Kq>ement will be 'according to the height of the wedge: when 
i loolh of the wheel escapes from the right hand edge of the cy- 
bMfar, £he point of it falls into the inside; after reposing tiiere, it 
iea passes and impels the left hand edge; on escaping it* the point 
€f die succeeding tooth drops on the outside of the cylinder where' 
I reposes ; on the return of the balance, it gets on the right hand edgBt 
giriiiganew impulse, and so on; the teeth in^l on both edges of 
fcqdinder, giving, by each, a vibration to the balance. See Plate 
OL No. 18. B is the balance, A the cylinder, 1, 2, its [HvotSv F 
fc grhnder or balance-wheel pinion, the curved part of the wbaeL 
iBQlh are particularly marked at a, 6, and c. 

TUs 'scapement being the best of any that had preceded it» JDe- 
htifr^a perhaps excepted, procured for Graham's watches a very 
eooaderable reputation, as their performance was much superior to 
tti* of the old construction. However, on comparing the going of 
SQQM of Graham's with those of a later date, we confess that Hone of 
ha, though excellent, were ever equal to them in performance. The 
^finders were rather large in diameter, the balances too lig^t, the mo- 
tive Ibrce too weak, and he had great difficulty in obtaining good 
pondohun spring-wire, meeting sometimes with iron where he expect- 
^ steel- wire. Watches having the cylinder 'scq>ement were not 
known in France till 1728, when Julien Lc Roy commissioned one 
of them ftt>m Graham : They were losing their character here some- 
^ before the introduction of the duplex, which contributed after- 
^vrds still more to lessen their value : The duplex will, in its turn, 
be supplanted, for reasons whieh will be afterwards noticed. Flat 
oiovements, shallow balance whoeb, steel and brass of bad qualit)!:, 



2S8 WEIGHT AND DIAMETER OF THE BALANCE. 

(from the difficulty of getting them good») injudicious execution, and 
low prioest must have tended to make the cylinder ^scapement so bad 
88 they have been of late ; many of the cylinders were destroyed and 
cut to pieces in a few years, and some of them could not last so Unog. 
Let these be compared with the cylinder 'scapements of old IMl^ a 
ci/ibider ^9capemeni^maker in London^ many of which we have seeOf 
after having been in use thirty years and upwards, with little or no 
impression eoen on their edges. In what did Hull's art consist t 
There must have been some causes for it, but what these are we shall 
not attempt to conjecture. Like Graham, with whom he was instruct- 
ed, Hull soldered in the plugs cX his cylinders with silver sokkr, 
whidi caused a very tedious process in the course of finishing theq^ 
Under; but this is not offered as any reason, or the cause of his.ex* 
celling in the art of cylinder 'scapement making. The acting edlges 
of the teeth have hitherto been made too thin, particuiarly for dtd 
cf/UnderSf with the view of lessening the friction; but this was en^ 
dently going on an erroneous principle. The friction was increased 
by the rapid cutting of the cylinder, and was worse than if the Mkk 
had had thicker working edges, which would have made the friction 
more constant, and, of course, less liable to cut the cylinder. 

When the vibrations of the balance are at the lowest point, the 
resistaqice of the pendulum spring is at the least ; but the more it is 
bent or uhbent, the greater is the resistance; consequently, when at 
the height of the wedge or tooth, it is greater than when the tooth 
first begins to act Two or three different curves for this purpose 
have been imagined ; one approaching nearly to a right line, whicb 
is supposed to give the wheel time to acquire a velocity during the 
passing of two-thirds of the curve and the least resistance of the 
spring, by which the other tliird is more readily overcome, when tike 
resistance to it, is greatest. This has been thought to give a greater 
extent to the arc of vibration, and has been adopted by the Freocb 
artists. Another curve, where equal spaces make the balance de^ 
scribe equal ^portions of a circle, is thought to give the least wearii^ 
to the edges of the cylinder, and is that which is practised by our 
'scapement makers. Aiguments equally good for either, as it tbu^ 
appears, might be given. 

The weight and diameter of the balance, are circumstances very 
materiaUy connected with the wearing of the cylinder edges. Wba^ 
ever will prevent this wearing, should be carefully attended to. Wb^ 
the diameter is large, the balance must of coasequence be less heavy ^ 
a sort of sluggishness in its motion takes place, the pendulum spiio^ 
making great renstance to the teeth passing the cylinder edges, aD^ 
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causiDg rapid wearing. On the contrary, when the diameter is small, 
and the wei^t at a proper medium, there is an alertness in the vi- 
bratioD ; the momentum of the balance has such force over the pen- 
duhun spring, that it allows the teeth to pass the edges quickly, and 
h«ice there is a less tendency to wear them. The diameter of the 
balance should be less than in a verge watch of equal size, and it 
should be no heavier than just to prevent setting, unless where a 
going in time of winding is used. The cylinder 'scapement, on the 
whole, must be allowed to be a very excellent one ; and where care is 
takfiQ to have it made as it ought to be, such watches will give very 
good performance. Provision for oil on the cylinder should be made 
as ample as can be admitted ; that is, the part where the tooth acts 
AonM be as distant from the notch where the wheel bottom passes as 
possible, and, at the same time, more distant from the upper copper 
plug ; the lower notch should not be longer than to give freedom for 
tbe wheel bottom to pass easily. When they are made long, as they fre- 
quently are, the cylinder will readily break there, if the watch receives 
any slight shock from falling. The acting part of the tooth, as has 
already been noticed, should not be too thin, nor the stems too short 
If the diameter of the balance is too great, any addition of motive 
force will , make the watch go slow ; if too little, the watch will 
go &8t ; and if, of a proper weight and diameter, any addition of mo- 
tive f<Nrce will make little or no change on the time-keeping, whether 
te watch is hanging or lying : we have made the motive force more 
tban double, and no change took place ; the isochronism of the pen- 
dahim spring no doubt had its share in keeping up this uniformity. 
Bahnces, whose diameters are rather small, will have a natural ten- 
<feiicy to cross farther ; that is, the arcs of vibration will be greater 
tban where the diameters are great Their weight will be in the in- 
^^^lae ratio of the squares of their diameters ; from which it follows, 
^t if the balance is taken away from a watch which has been regu- 
^^M, and another put in its place, having the diameter only one 
■^of the former ; before the watch could be regulated with the same 
P^ulum spring, the balance would require to be four times heavier 
^^^ the first One way of estimating the force of a body in motion, 
^ to multiply the mass by the velocity. Let us, then calculate the 
'^pective forces of two balances, whose diameters are to one another 
^ two to four. The radii in this case express the velocity. Accord- 
^ to this principle, we shall have, for the small balance, two for the 
'^us multiplied by eight of the mass, equal to sixteeti ; and for the 
S'W one, four of the radius by two of the mass, equal to eight ; six- 
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teen and eight are then the products of the masses by the velociti< 
consequently they express the force at the centre of percussion of 
balance : and as it b double in the small one, it is evident that the 
of vibration will be greater, having the faculty of overcoming easily 
resistance opposed to it by the pendulum spring, without requiring 
additional motive force. 

Let us take an example done in another way : — ^Which is the sqna:] 
of the product of the diameter, multiplied by the velocity or numb-^ 
of degrees in the vibration, and this again multiplied by the mass -« 
weight, so as to compare the relative momentum of two balances 
different diameters, &c. ? Suppose one balance to be .8 of an inch 
diameter, the degrees of vibration 240, and the weight 8 grains ; tC 
other .7 of an inch in diameter, the arc of vibration 280<^, and the weig 
10 grains: 

240 X .8 z=: 192 X 192=: 36864 X 8 = 294912 
280 X .7 = 196 X 196 =38416 X 10 zz: 384160. 

The balance having the smaller diameter, has its momentum to that 
the greater, as 384160 is to 294912, or in smaller numbers, as 99 is ' 
76 very nearly. When the arcs of vibration arc great, the nearer M 
isochronism will the long and short ones be. 

If the balance of a watch has its arms and centre part rather 
little heavy than otherwise, and these be made less so, the watch by thi 
will be found to go slower than it did before, owing to the effect of thi 
increased momentum of the balance. This unusual, jierhapa hitherC 
untried and very delicate experiment, we made once or twice, and thv 
result was that which has now been stated. The momentum of s 
watch balance should be as nearly in one point of the rim as possibles 
and is somewhat analogous to that which is required in the ball of a clocy 
pendulum. 

Bcrthoud, in his Essaiy &c. insists much on the advantage of ligh 
balances, great diameters, and quick vibrations : principles, howeveo 
well dressed up as a theory, will be found not to agree with sounc 
practice and a little experience. M. Jodin, a very ingenious watch- 
maker, contemporary with Berthoud, in Paris, knowing what Bcr- 
thoud had advanced on this subject in his Essai<, took an opportu- 
nity of putting him to rights, by using such arguments as ought ir 
our humble opinion to have convinced him ; but in this intervieiHi 
Jodin^a endeavors were to no purpose. Berthoud, indeed, seeme 
not to have acted ii^ conformity with the principles he wished to es- 
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tablish, if we may judge by what he did, seeing that he made the 
trains of his marine time-keepers in such various numbers, from that 
of giving one vibration in a second to that of giving six in the same 
tsooe; and the performance of one of those which gave one vibration 
in a aecondy is mentioned as having maintained the best rate of going 
oCdIdiat he had made. Mr. Cunmiing got also into the system of 
quick trains, but was obliged at last to give it up, and was in the end 
put to a considerable expense in altering every one of these his quick 
trailed watches, when he could lay his hands on them, because the 
cjiinderB were going so fast to ruin, that the watches gave no satis- 

filGliOD. 

It may be found very convenient, and sometimes of great utility, 

ior the practical artist to have a little knowledge in the theory of the 

tdative force of balances, according to their diameter, weight, and 

tbe number of vibrations given in a minute. An instance shall be 

given that tends in some degree to show this : — A small ei^t-day 

opting time-piece, of a size somewhat less than that of common spring 

cbcks, wtdch had a balance and a detached 'scapement ; the train 

wms rather slow, being 5400, but with such a train the force of the 

muiH^ring had so much power over the balance, as to make the vi- 

hntioiis at times go so far as to unlock the detent a second time in 

&e oourae of one and the same excursion ; the vibration being thus 

carried to such an extreme, and when nearly at the end of it ; al- 

tiMM^ a tooth of the balance wheel had for a second time dropped 

on the face of the pallet, it had no force to impel it farther on, that 

of die pendulum spring was greater from being now so much bent 

if»; on its unbending, the balance was made to return a very little 

waj back, which brought the circular part of the paUet into contact 

wiOi one of the balance-wheel teeth, and by this means the tooth was 

now allowed to pass freely on the roller or circular part of the paUet, 

^Riiidi had the effect of stopping the motion of the balance, and, con- 

aequefitly, stopped the going of the time-piece. It would have been 

^ very inconvenient matter, at this time, as we shall suppoa^ either 

to have made the train quicker, or to have got a main-spring of less 

fittoe, as any one of the two ways would have brought the vibrations 

^ the balance within a shorter compass. Now, what device must be 

Ulen on, in order to lessen the arc of vibration, so as the balance shall 

int go so far as to make a second unlocking, keeping still the same 

^nun of wheels, and the same force of main-spring ?. There is only 

<Rie way to do this, and that is by increasing the diameter of the ba- 

hoce, which will then require a stronger pendulum spring, and this 
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will of course give a little more oppodtioii to the i m p e Bing fime 
die bttlance-wbeel teeth on (he fibce of die pallet If we mppoao % 
diameter of the balance to be one ioch« or» irint is the aam 
ten-tenths of an inchy andt to increase it» die three mean time 
wtadi were in the edge of the rim of the balance, being broaf^ -m 
so far as to make die diameter one inch and a qnartsrt or 1%A ttenci 
of an inch; bjr diia alteration the time-inece was fbond to luae 
hour foid a quarter in the 24 hoara. It is evidflnt diat a 
pendulnm qwing must then be applied, before the bahnea 
made to vibratB mean timet and that in the ratio of the aqnavaa of 4 
diameter of the balances, the square of 10 is 100, and die aqinni^ - 
12.5 is 156.26, die diierenoe between diese numbera shown ditt 
coosiderBhle difoence will be requned in the strengdi of die 
lum springs. The weig^ of the balance, mcloding the tbreo 
time screws, pendulum qiring, and stud, balance aibor, and 
was 157 grains. 

How to remedy the ccmverse of the preceding case should be 
obvious, and to many it will appear unneoessaiy to mj any 
about it Tet there may be some few who may not so reaJH/ 
on it, and dierefiMe one example in this way shaD be given, 
the balance of a thne-piece has its vibrations so short, diat no gsd 
performance can be derived from it, notwithstanding the 
the 'scqiement, die main-spring, &c. are as correct as could be 
ed. The short vibrations must then arise from the balance beiqg to 
large in diameter, and from having too strong a pendulum spring 
Now, if a balance of the same wei^t, or nearly so, but less in dia 
meter, and a weaker pendulum spring be applied, this will allow th 
vibrations of the balance to be carried to a greater extent, which was al 
that was required. 

When a little expense in the cylinder or horizontal 'scapement i 
not grudged, a ruby cylinder is certainly a great acquisition, to pn 
vent wearing on the edges. If it is wholly of stone, and not atae 
cased, as is usual, it will be so much the better, by giving a Kltli 
more scope to extend the limits of the banking, the steel crank of tb 
cased ruby cylinder confining the banking. There would no doubt hi 
a greater risk of breaking than in the steel-cased stone cylinder ; ye 
this might be considerably lessened, were some attention paid to milu 
the notch, which frees the bottom of the wheel, no longer than is nfr 
ccssary, as has been proposed in the case of the steel cylinder. It 
would be desurable to have the cyhnder formed with the strata of the 
sapphire or ruby, placed in a vertical position, instead of a horizontal 
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This is surely attainable, when we know that diamond split- 
teirs can distinguish the strata or layers of the diamond^ — a stone 
iirliich may be supposed more compact than either the ruby or BBjp^ 
pbiie. We have seen a cylinder wholly of stone, in a watch belonging 
to a gentleman who was wearing it when between 70 and 80 years of 
age ; he used frequently to let it fall without any accident happening 
to the cylinder. Three small griffs, or cocks, placed on the potence 
plate, so as to allow the edge of the balance to come into notches fitted 
for it, and having at the same time sufficient freedom, would prevent 
either the cylinder or the cock pivot from breaking. A little practice 
should make the stone cylinder easier made, and perhaps cheaper, 
than even the steel cased one ; at all events, even on equal terms, k 
ought to be the preferable of the two. From what has already been 
sdd, it appears, that the weight and diameter of the balance are mat- 
ters that cannot be said to be merely arbitrary ; for, if the motive 
force is too great for that of the balance, the watch will go fast when 
m the lying or horizontal position, and slow when in the vertical or 
fawging position. By diminishing cither the motive force, or mak* 
iDgthe balance heavier, the watch may be made to go alike in bodi 
positions. The properties of the pendulum spring may conduce a 
litde to this. It is in some degree a desideratum for a pocket-walch 
to hare the balance pivots and holes made so, that the balance with its 
spring, when in a state by itself, and free of any communication witii 
fc wheels, should vibrate the same length of time, whether it is in a 
v^ntical or horizontal position. We know, when it is in the latter, that 
* will continue to vibrate twice the length of time that it will do in the 
ofher. We are humbly of opinion, that the balance, with its spring in an 
ifiolated state, could be made to vibrate the same length of time in both 
positions. But who will be at the trouble and expense to make such 
^3q)enments as may lead to this ? 

Mr. Eamshaw's pivots, with flat ends and shallow holes, should 
come very near to this object. About forty, or near to fifly 3^ar8 ago, 
^eavoring to come at this, we used to hollow out the ends of balance 
pivots. 

In the interim between Tompion having left off his trials in at- 
tempting the horizontal 'scapemcnt, and Graham having brou^t it 
'^- to a state of perfection, M. Facio, a native of Greneva, having dis- 
coviered the art of piercing holes in rubies, or any hard precious stone, 
\ came to Paris with this art as a secret, but not being well received, 
eifter by the Duke of Orleans, at that time Regent of France, or by 
the Watch-makers there, he repaired to London with it about the jeer 

30 
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1700, which was at that timo a school where the art of watch-makL. 
was more cultivated than at Paris. He was admitted a member of 
the Royal Society ; and, having entered into a kind of partaersflk^ 
with a native of France, who had been settled in London, whose 
was Debaufre, they carried on the business of watch-jewelling. 
of Debaufre^s family^ or natne, were at tJUa profession in 
so late as 1773. Facio's partner had at this time contrived a 
'scapement ; it was a dead fa^at one, which was the thing now sou. 
for. The balance and balance-wheel holes of it were jewelled ; 
pallet was made of a diamond, formed from a very short cylinder 
Plate YIII. No. 45, of two tenths of an inch in diameter, fixed 
the verge or axis CD of the balance A B ; the upper end of the 
lindcr was cut down nearly one half of the diameter, and 
the lower end and opposite side, rounded off from the base left at 
to the lower end of the flanch, resembling something like a cooe b 
and wanting a part of the top. Two flat balance wheels W W, 
ratchet sort of teeth, were on the same arbor, the teeth of the one 
opposite to the middle of the spaces in the other ; the distance 
these wheels was a little less than the diameter of the cylinder ; 
drop of the teeth in 'scaping falls on what was left of the upper 
the cylinder, — the lower base being taken away in forming the pnUrf^^ — 
and near to the edge formed from the flanch; here they rested duifii^ 
the time of the vibration of the balance. On the return, the tooth p' 
on the flanch, and passes over it ; during wliich, giving impulse to 
balance, and escaping at the lower end, a tooth of the other vfh^^^ 
drops opposite on the same base of the cylinder, and so on. A wa*:::^-^'* 
having this 'scapcment, and bearing Dcbaufre's name, was put for Ic — ^ 
into the hands of Sir Isciac Newton, who, on showing it to Svlly^ ^^ 
1704, gave a very flattering account of its performance. It attrac^P^^ 
Sully's notice very much, but thinking it by no means well execute ^-*^ 
and not being (juite satisfied with two wheels, it was thought that -^' 
improvement would be made, by having one wheel only, and two palh 
which was part of the scheme of the 'scapement he adopted for 1^ 
marine time-keeper, made in 1721. Considering the genius that 
was allowed to possess, this was by no means an improvement on 

■ 

baufre's 'scapement. 

Although an Englishman, Sully's name was unknown to his coi 
try men, and would have remained so, had it not been for the accounj 
given of him by the French artists, in whom he excited an emulatio^-'^' 
and also inspiring them with a taste to acquire such a prc-cin--^^^ 
nence in their profession, as had been before unknown. Juli< 
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Roy» who was intimately acquainted wUh SvUy, and Ber- 
tfatoud, are uncommonly lavish of their encomiums on him. Soon a& 
ier he had completed his apprenticeship with Mr. Gretton, watch- 
maker in London, he went to Holland, Germany, and Austria, and* 
attncting the notice of several -of the princes and nobihty, he was 
much employed by them. Having seen, in the Ubraiy of Prince 
Sugene, the Memoirs of the Royal Academy of Sciences in Paritf 
he eagerly acquired the French language, in order to read them* 
This excited in him a strong desire to see Paris, to which he repaired 
about the year 1713 or 1714, under the patronage, and in the suite 
of the Duke of Aremburg, at whose hotel he lodged, with a pensioo 
of 600 livres. He had not been long there, when our countrymaiiy 
Law of Lauriston, under the authority of the Court of Versailles, 
got him engaged to establish a manufactory of clocks and watches. In 
OMisequence of this, he came twice to London; and having carried 
nray a great number of workmen, and spent much money on tools and 
other articles. Law began to murmur, and the establishment in two 
jears fell to the ground. This made him complain bitterly of his 
bad fortune to a friend ; but, fortunately, a nobleman, to whom this 
was mentioned, feeling much for the disagreeable situation in which 
Sully was placed, sent him, as a present^ some shares in the public 
foods, — rvalue 12,000 livres, — ^which enabled him, for several years 
tfterwards, to pursue very zealously his favorite scheme of making a 
naiine time-keeper, to ascertain the longitude at sea. In this at- 
tempt he was not so successful, in his first trials, as he had led him- 
nlf to expect It was in general believed, however, that, had he 
fared, he would have been the first to have deservedly acquired one or 
^^bet of the premiums which were before that time offered by four of the 
P^^atest maritime powers in £urope, to those who should produce a 
^Bne>keeper, which could ascertain, to a certain extent, the longitude 
*^ sea. Philip the Third, who ascended the throne of Spain in 1591, 
^M the first who proposed, in 1598, a reward of 1000 crowns for 
^ invention. 

The states of Holland soon afler followed his example, and offered 
100,000 florins. The British Parliament! in the reign of Queen 
^'Kiie, voted 20,000/. Sterling for the same purpose; and the Duke 
^ Orleans, Regent of France, in 1716, promised, in name of the 
^iog, 100,000 Uvres. Sully may literally be said to have died a mar- 
vi* to the cause in which he was engaged. Having got a false ad- 
^'^sa to a person who, it was said, was occupied in the same pur- 
^'^ ^th himself, he got so overheated, in his anxious and vain eiH 
'^^▼or to find him out, that he died in a few days afler, at Paris, 
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in the month of October, 1728, and was buried, with great pmnp^ in 
the church of St Sulpicius. In this church, some few years befc 
his death, he constructed a remarkably long gnomon, or mei 
line. 

Sully having acted so conspicuous a part in the profession, no 
gy is deemed necessary for giving this short account of him. 

It may be observed here, that Debaufre's 'scapement has this ^ adr 
vantage, which is not in Graham's, that the impulse given is ^ the 
same in every vibration, and the time of rest on both sides is tfa( 

same, bearing mostly on the foot pivot end, a litde on the sides -m o 
the pivots, but not whoUy on , the sides of the pivots as in 
ham's. Having made one or two watches, to which this 'scapem 
was put, they were found to perform very well; and we would re 

commend it to the attention of 'scapement-makers. A little 
tice will make the execution of it very easy. The two thin 
wheels may at pleasure be placed at any distance from one anotl^. 
their diameters should be as large as can be admitted between tk 

potence foot and the verge collet An agate, or any hard stonet ton 

the pallet, whose height is hall* the spaces between the teeth, or a H 
less, is fixed on the verge or axis of the balance ; the level of the 
of the pallet on whicH the teeth rest, being a very httle above that of 

the line of the balance-wheel pinion, the teeth must be a very little ^^otid- 
dercut, so that the points only may rest on the pallet The ve^^ ^ 
should bo placed more inward in the frame than in common coi 
wheel movements, in order to give room for tlie balance wheels, 
necessity of a contrate wheel movement for this 'scapement, 
trifling objection, which will wear away in spite of prejudice. 

In 1722, PAbbo Hautefcuiile, who lonp^ hefoi-e this had at Pi 
disputed in a process at law xoith JIuy<^hens, the right of ^ 

invention and application of tlie peiidulum spnng to tlu balance ^J 

a watch, Iluyghens being cast, was prevented from taking out a 
tent in France as he wished, published a quarto pamphlet 
taining descriptions of three new 'scapements for watches. One ^ 

these was the anchor or recoiling 'scapement, on the verge of whi^—^*^ 
was attached a small toot^^ed segment of a circle or rack, work^Bc-"^ 
into a pinion which was the axis of the balance. The idea of a P* 

nion being the axis of the balance, seems to have been taken from 
'scapement of Huyghens, and is here contrived so as to make scarcely 
revolution at every vibration. This 'scapement is the same as it cor^^^^^^^^ 
from the hands of Hautefeuille, without any improvement havi^^^ 
been made upon it even to this day, although a patent was taken o^^^ 
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fi>r the same about twenty or near to thirty years ago, by some 
penoDf in LiverpooL The name of lever watches, which they 
reoeifed from the [>atentees, is that which is generally given to those 
having this 'scapement, which is the same that Berthoud has de- 
scribed in his Essai sur VHorlogerie^ published in 1763, see torn. 
iL No. 1933, and Plate XXIII. Fig. 5, of which our figure is a 
copy, Plate YIII. No. 46. Berthoud, under certain modifications, 
introduced the principle of this , 'scapement into some of his marine 
tkne-keepers. In this 'scapement of l'Abb6 Hautefeuille, A is the 
'scapement wheel, B the anchor pallets, having inclined planes, or 
made with such curves as are best suited to obtain isochronous oscil- 
lations fix)m the balance : C D the balance, a, a pinion on whose ar- 
bor the balance is riveted; b is the toothed rack which pitches in 
witi) the pinion, the rack is carried by the axis of the anchor pallets* 
In the drawing, the pinion appears to be the arbor of the 'scapement 
wheel as well as that of the balance ; but this is done by way of con- 
eentrating the figure £, the counterpoLs^e to the rack. 

A very able and ingenious artist at Paris, M. Dutertre, who was 
zealous in his profession, and had considerable success in his pur- 
nits, invented, in 1724, as is ssud, a new 'scapement, or, in our hum- 
Ue (^nnion, rather improved that of Dr. Hooke's with two balances, 
wlttch has already been described. The additions and improvements, 
iKnifever, M^ch he made, were so great as to give him a sort of title 
to claim it as his own, and to render it, in the opinion of good judges, 
^ best 'scapement by far that was known at that time. The addi- 
tions which he made consisted in putting another wheel on the same 
*d)or with the first, but it was considerably larger in diameter, hav- 
^ the same number of teeth with the other, and which formed the 
^^ merit of his improvement of this 'scapement. The balance 
^i^Htts at one place were made rather thicker than usual, for the pur- 
P<^ of having notches cut across them, and as deep as the centre. 
-Hiis port of the arbor became then a semi-cylinder. The laiger 
^'Wl, which may be called that of amte^ or repose, is placed on 
^ aibor, so as to correspond with the semi-cylinders and their notches, 
^ points of whose teeth are made just to clear the bottom of the 
'^^^^ches, alternately passing one of them, and resting on the semi- 
^^Xfiadrical part of the other. 

^Hie action of the two wheels shall now be explained. Let us 
"^Vpose that one of the larger wheel teeth, after reposing on one of 
^ aemi-cylinders, is, on the return of the vibration of the balance* 
^^^'^'^itted to pass through the notch ; afler having passed, a toodi of 
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the impulse wheel, falls on the corresponding pallet, gives impulse 
carrying it on till it escapes, when another tooth of the wheel of le 
pose falls on the other semi-cylinder, and rests there until the letun 
of the vibration of the other balance, when it passes the notch in it 
turn, and the corresponding pallet presenting itself, is impelled by i 
tooth of the impulse wheel, and so on. Hooke's 'scapement had i 
small recoil ; the aim of Dutertre was to make a dead beat one o 
it, in which he succeeded. There is a drawing of this 'scapement n 
Plate XIY. Fig. 4, of Berthoud's Historie de la Mimrt du Tempe» 
He says, ^ that the properties of this 'scapement are such, that suddei 
shocks do not sensibly derange the vibrations ; that the pressure o 
the wheel teeth of arr^te on the cylinders, corrects the impulse thai 
the balance receives from tlie wheel work, which, on the motive foicc 
being even doubled, prevents the vibrations from being affected." 

Plate IX. No. 47, represents this 'scapement having two balances 
A B, toothed on their edges, and pitching in with one another ; i^ 
constructed by Dutertre, they are placed outside of the potence ^ktm 
as well as the double ratchet toothed wheels, the three arbors beooi 
kept in their places by a cock to each. Upon one of the crosses ^ 
each balance are fixed a sort of pallet, D, and £, the arbors of the be 
lances have each a notch cut across them, so as to allow the pointB < 
the teeth of the larger ratchet wheel to escape. When the point 
of the teeth of the wheel of arr^te, get in on the notches, '^ 
pass through instantly, and by this, the teeth of the impulse ym^^ 
get forward and impel either one or other of the pallets, D or 
in the scheme or figure, the tooth 6 of the wheel of arr^te (c^-^ 
rest) is seen to have escaped from the notch of the arbor of th^ 
lance A, and a tooth of the wheel of impulse is ready to come on^ 
impel the pallet D, meanwhile the tooth 6 will have got forward, 
rests on the semi-cylindrical part of the arbor of the balance B ; oi 
return of the balance, it passes through the notch, and gives the 
of impulse liberty to strike the pallet E, and so on. 

In plate XLI. Fig. 16, of the first vol«me of Thiout's work, 
drawing of this 'scapement modelled from that of a clock, desci 
at page 101. He says, " Fig. 16, is a 'scapement of the Sieur 
Baptiste Dutertre, which has only one pallet, on the axis of whi<^ - 
the fork. The two ratchets or wheels are on the same arbor ; w^J 
the paUet escapes from the small ratchet, the larger one, which is <^^ 
ed the ratchet or wheel of ai*rste, rests on the arbor of the pal' 
and leaves the vibrations to be pretty free. On the pallet's retu'^ 
ing to meet with the teeth of the small ratchet, the pallet arbor o 
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cjrlinder being notched or cut across into the centre, ullows the wheel 

4>f arriie to pass ; and the wheel of impulsion, afler getting a small 

ncoi], gives new force to the vibrations ; so that in two vibrations, only 

one of them is accelerated : hence it was thought, that the half of the 

^vibration being free^ and independent of the wheel-work and its ine- 

qualitiefl, they would be more correct than others ; bu^ experience did 

MMOi confirm this." This is, then, the duplex 'scapement, or the nearest 

p<«9ible approach to it 

It is more than fif\y years since we saw a small spring clock having 
'scapement, made by a very ingenious clock-maker of this place, 
name was Robert Brackcnrig. It may be supposed to have 
made a very few years afler Thiout's work was published. 
In 1727, Peter le Roy gave an account of a 'scapement which he 
made, having one pallet on the axis of the balance, and a notch 
below it, a wheel of amte^ and one of impulse, as described in the 
preceding 'scapement, so that one half of the vibrations were inde- 
poodent of the wheel work. Dutertre claimed the pretended inven- 
of Le Roy ; the latter, finding it not to answer his expectations, 
it up. That Dutertre made the one which is represented in plate 
of Thiout, we have no doubt ; and there is unquestionable au- 
tliQrity, that he brought Dr. Hooke's to the improved state which has 
joflt been mentioned. It is said that he had made a free or detach- 
ed 'scapement ; but no account whatever has been given of it 

The duplex 'scapement, as it is now called, was introduced into its 
native country about thirty years ago or more, under the name of Ty- 
reni' 'scapement, the name it is supposed of him who put the last hand 
fo improve thai, which came in a linecd descent from Dr. Hooke, In 
place of the notch being made right across the arbor, as has been men- 
tened before, T3rrer's had a very small cylinder or roller, whose dia- 
Adflr was about .03 of an inch, the diameter of the wlieel of amte 
^etajf .51 or .62, into which was made, in a longitudinal direction, a 
deep angular notch of 30 to 40 degrees. The cylinder was sometimes 
^ itoel, but most frequently of ruby. When the points of the teeth of 
^bo wheel of repose fall into the notch, they meet with a very small 
v^aewl by the balance, in what may be called the returning vibration. 
^hoM goes so far as to make the tooth for a little to leave the notch, 
tt the side opposite to that by which it came in. The balance, on re- 
^'iniing, is now in the course of that vibration, when it is to receive 
''■siiiilse from the wheel, which takes place immediately on the tooth 
^ te wheel of repose leaving the notch and the small cylinder, and 
^ soon as the tooth of impulse escapes from the paUet, the next tooth 
^ repose falls to rest on the small cylinder, and so on. 
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Plate IX. No. 49, represents the duplex 'scapemcnt, W W being 
'the wheel of arr^te or repose, the bases of the teeth of the wheel of 
impulse are seen at ab c^ black and triangular, and stand a little up 
perpendicular to the plane of the wheel of arrdta, as represented in 
perspective of wheel. No. 53, both being formed out of the same piece 
of brass. A B is the pallet which receives impulse from the upright 
teeth a b c, &c. of the wheel ; the roller is represented by a faint 
dotted circle on the arbor of the pallet, having a small angular notch 
in it 

T3rrers' 'scapement is much superior to that of the cylinder or hori- 
zontal one ; it is almost independent of oil, requiring only a veiy 
little to the points of the wheel teeth of repose. It can carry a bir 
lancc of much greater momentum, and, when well executed, p e rfbn M 
most admirably. But there are in it so many circumstances or mi- 
nutise to be attended to, that some of them may at times escape Ae 
eye of the most judicious and careful : the watch may stop, and J^ 
the 'scapement be in every respect as complete as possible. """* 
has often given the wearer cause to complain, and to suspect the 
lities of his watch, and hence watch-makers have sometimes beeKi in^ 
duccd to abandon this 'scapement, and adopt those of an inferior 0<*^ 
The pallets of Tyrers were at first made very thin. We frequ^uAj 
urged the propriety of having them made much thicker, and '^•^w 
pleased to sec that this was gradually adopted. Why should '•h^ 
not be made as thick as the pallet of a detjiched 'scapement ? T*I^ctc 
is no 'scapement which requires to have the balance-wheel teeth i^rw'® 
correctly cut, or the steady pins of the cock and potcnce more lA^^l 
fitted to their places in the potence plate than in this. The minutis^ •*" 
ludcd to, were, too much or too little drop of the impulse teeth otr»- "* 
pallet ; the 'scapement not set quite so near to beat as might be ; th^sp 1*^ 
lance rather heavy ; or the points of the teeth of repose too much o^r* ^ 
little in on the small cylinder. In a good sizeable pocket-watch, "^ 
wheels having fifteen teeth, the ratio of the diameter of the whe^' " 
repose to that of impulse may be as .620 of an inch to .400, th^ ^ 
Under .030. The angle of 'scapement will be 60 degrees, taking fyf^^ 
the escape of the impulse tooth, to that of the tooth of repose fiedling' ^^ 
the cylinder, the balance passes 20 degrees of these before the in** 
pulse tooth gets again on the pallet, consequently it has only 40 de-^ 
grees for the acting angle of the 'scapement. There is a variety oT 
'scapements in Berthoud's Hisimre, which appeared in 1802, many 
of which are of very inferior note to that of Tyrers, and yet he has 
taken no notice of the latter. This is remarkable, as he surely must 
have seen it, considering the great.number of them which had been made. 
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A watch having a cylinder or horizontal 'scapement, not giving 
tiiat performance that it ought to have done, arising from the cause 
of the cylinder wheel teeth, having somehow accidentally got a ton- 
deocj to cut the cylinder so fast, that good performance could not 
possibly be obtained from it We, therefore, thought it advisable 
to take this 'scapement altogether away from the watch, and substi- 
tute a duplex one in its place. With the cylinder 'scapement, the 
train was 18,000, and that to the duplex was made 18,200 ; yet, not- 
ivithstanding this additional quickness of train, the same balance, and 
its spring, kept the exact same time as they did before ; which, in 
some degree, shows the superiority of tho duplex over that of the cylin- 
der 'scapement. The freedom and ease with which the balance-wheel 
gi?es impulse to the duplex pallet, and with such velocity or quickness of 
time, that less of the exertion of the pendulum spring was required to 
bring the pallet back to get a new impulse. 

While Dutertre was engaged with Dr. Ilooke's 'scapement, an ar- 
tist in England, whose name is unknown, produced a 'scapement with 
file dead beat, which seems at that time to have been the great d&* 
aderatum. Julien Le Roy having got one of these watches, showed 
it to Sully in November, 1727, and told him that it was a 'scapement 
wiy deserving of notice. Thiout mentions it as a 'scapement of M. 
flamenville, having two pallets of repose, and says, that it much at- 
tncted the attention of the English watch-makers, who had made it 
fcr three' or four years. (See page 108, Plate XLIII. Fig. 26, of 
his first volume.) With our workmen, it went by the name of the 
'scapement with the tumbling pallets. The axis of the balance had 
two semi-cylindrical paUets, whose faces stood in the same plane or 
c«itre of the axis : the balance-wheel was the common crown-wheel 
<i06« the teeth of which got a very small hold of the face of the pal- 
^^B- When dropping from the face of one pallet, a tooth on the 
W^^aite side dropped on the semi-cylindrical part of the other pal- 
H Mfhere it rested during the going and coming of the vibration ; 
S^^^ing then on the face, it gave new impulse, escaping in its turn ; 
^ pallet on the opposite end of the verge received a tooth on the 
wmi^cylindrical part, and so on. Afler having been laid aside for 
^"''^ time, it was of late years taken up by several, who, no doubt, 
'"^''^ have thought well of it. Among these was Kendal, a man of 
w Common talents ; he transformed it into one having two crown- 
^'^^^^ on the same pinion arbor, the tops of the teeth of the one 
P^'^'^^ting to the middle of the spaces in the other, and with only one 
P^^^ the diameter of the semi-cylinder being of any size. (See Plate 

^ Kob 60.) About thirty years ago, or more, we had some watches 
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made, having tninWing poUelav and, after a few yeani trial* ga^e 
up. The princiide of the 'acapement k goodt 'aa long aa Ae 
of it remain ummpairadt and tba oil eontinnea fiedi ; but As 
parts having aiieh a amall hold of one another, get aooii 
which cauaea a great deviation' from the nte of time witk wtMh-Jt 
first seta out Thej cannot be expected to laat loog^ unlaaa wl|ti|9i 
diamond paDeti and a steel wheel of the hardest temper, 
of these two 'acqwmenta being given* it beoomea neceaawjr to 
short explanation, 

Plate DL No. 1« is one view ct the tumUing pallet V 
where W W repreaenta the crown-wheel, and A B die paDalB. Jb 
Na 2, another view ia given, wheieatooth on the lower aida^ef Af^ 
wheel ia 8een,aa eacaping from the ahaded or dark pallet B| at«^ 
same instant, a tooth on the upper aide fella juM in on the 
of theli|^ aemMjdindiical pallet A, and here the time of raal 
ces ; on its return, fee fece of the pallet preaenting itael^ galii^ii^.iM 
turn, new inqnilae, wbidx is communicated to the balance, nai &^ ^* 
C D, No. 2, isavfewoffeebottomoftfaeorown-YdieeL ^ 

InKendaPa 'acapement, alE, No. a, a few of the teefe of dw?. 
crown-wheels W W, are rqireaented ; a toofe of fee wfaedt' W 
right hand side, is seen just escaping fix>m the fece of the paBelji' 
ter having given impulse to it, and a toofe of fee wheel on the 
falls that instant on the semi-cylindrical part, and rests there until 
turn, when the face presenting itself, t i, on that side, gets impulse ■ 
turn, and so on. 

The free or detached ^icapemmt is that in which the _ 
part of the vibrations of the balance is free and independent of ™^ 
wheels, the balance-wheel being feen locked; when unlndred^^ * 
gives impulse, which only takes place at every second vibratioii. ** 

Mudge's detached 'scapement, fee impulse is given at eveiy 
lion. The progress which has of late years been made in a 
the detached 'scapement has been wimderfel, ndien we 
that half a century ago, fee name of this 'scapement was 
The first rude draught of any thing like it, appears to be feat 
Thiout's, described at page 110 of fee first volume of hia Wd 
and shown in Plate XLIII. Fig. 30, which he calls, "« a V 
of a watch, the half of whose vibrations aj^pear to be ii 
the wheel woriL during fee time feey are made.'* '^The hook B, 
detent, aa ii toould now be caUed^ detains fee 'scapemeot 
for a short While; see Plate X. No. 54, fee balance, in 
carries wife it fee pallet A, and ccmsequently disengagea fee 
from the teefe of the 'scapement whed, and leaves one of them 






( DETACHED 'SCAPEMENT. S4S 

liberty to strike anew on the pallet, and so on. This 'scapement can- 
not go without a spiral or balance spring." 

If the arm from the pallet arbor had a pin to work in the slit of 
9De of the detent arms, it would be greatly improved. Although the 
diawing of this 'scapement, which was given in Nicholson's Journal, 
September 1806, is not exactly like the original, the principle of the 
'tapement is, however, still the same. 

Peter Le Roy's 'scapement is the next step that was made towards 

tUs invention* He contrived it in 1748, and, like Thiout's, it has 

iiaidiy ever been made use of. Both of them have a great recoil to 

ffwe to the wheel before it could be disengaged, and their arcs of 

free vibration are not of much extent Berthoud informs us, that in 

1T64, he made a model of one, viHbich he gave in to the Royal 

Aciideniy of Sciences. Camus, on its being shown to him at that time, 

told him, diat the late Dutertre had made and used such a 'scapement, 

kavmg a long detent^ and free vibrations. Nothing appears now 

to be known of the construction of Dutertre's, and Lo Roy seems 

to liave acknowledged the priority of it to the one he contrived in 

1748. ^ My thought or invention," he says, ^ was not so new as I had 

ivittgined. Dutertre's sons, artists of come considerable repute, show- 

^ me very soon afler, a model of a watch in this way by their late fiir 

tl^BTit which the oldest Dutertre must still have. This model, veiy dif- 

^^ent from my construction, is, however, the same with respect to the 

«Hi pressed.*' 

The detached 'scapement in Le Roy's time-keeper, which was tried 
^ aea in 1768, is very different from that of his in 1748. 

fierthoud, in his TraiU des Horologes Marines^ published in 
I'l'VB, has given, in No. 281, an account of the principle on which 
Ab model was made in 1754 ; and, in No. 971, a particular descrip- 
^■>t of the parts con^x>sing it, which are represented in plate XIX. 
%• 4, of that work. It may be somewhat interesting to lay before 
^'B*' venders what is contained in No. 281. **I composed," says he, 
''in 1764, a 'scapement upon a principle of which I made a model, 
^ which the balance makes two vibrations in the time that one too^ 
^>^ of the wheel escapes, that is to say, the time in which the ba- 
and comes back on itself; and, at the return, the wheel 
and restores, in one vibration, the motion that the regulator 
^ baluce bad lost in two. The 'scapement wheel is of the ratchet 
"^t^ irtiose action remains suspended (tohUt the baitmce vibraieM 
*^hl) by an anchor or click, fixed to an axis carrying a lever with 
foot joint, the lever corresponding to a pin placed near fbb 
of die axis of the bahuice. When the balance retrogrades, the 



244 T)ETjlCHED 'SCAPEMENT. 

first vibration being made, the pin which it carries turns the deeHt 
foot joint a little back, and the balance continues freely its coam 
its liberty not being disturbed during the whole of this vibration, but b 
a veiy small and short resistance of the deer's-foot joint spriiii 
When the balance comes back on itself and makes the second vibn 
tion, the same pin .which it carries, raises the deeFs-foot lever in such 
way, that the anchor which it carries unlocks the wheel, in order that 
may restore to the balance the force which it had lost in the first v 
bretion. This effect is produced in the following manner: — On tt 
instant that the deer's-foot jointed lever is raised, the wheel turns an 
acts upon the lever of impulsion, formed with a pallet of steel whk 
acts upon the wheel, and with another arm that acts on a sted rolk 
placed near the axis of the balance ; and, in the same instant Ibi 
the wheel acts upon the lever of impulsion, the second arm, wfak 
its axis carries, and which is the greatest, stays on the roller, m 
the motion of the wheel is communicated to the balance, almost witi 
out loss and without friction, and by the least decomposition of foroi 
As soon as the wheel ceases to act on the lever of impulsion, the k 
ver falls again, and presents itself to another tooth. " ^* To rendi 
the vibrations of the balance more free and independent of the whee 
work," continues Berthoud, in No. 281, *' and diminish as muchi 
possible the resistance it meets with at every vibration, the pin mu 
be placed very near the centre of the balance, so that the lever ma 
not be made to describe a greater course than that required to rend< 
the effect of the click perfectly sure, and while the balance turns an 
makes its two vibrations, prevent only one tooth from escaping; 8 
otherwise, it would be dangerous, by the seconds hand, which is ca 
ried by its wheel, announcing more seconds or time than the b 
lance by its motion would have measured. It was the dread of sue 
a defect that made me then give this 'scapement up, which, I coi 
fess, seems to be rather flattering ; but it did not give to the mir 
that security in its effect which is so necessary, particularly in marii 
time-keepers, the use of which is of too great consequence to alio 
any thing in them suspicious to be hazarded." 

The principle given here by Berthoud, is the same as that of tl 
detached 'scapements now made, although the parts of the model aj 
more complex. This 'scapement had received a variety of modifio 
tions under his hands. In 1768 he had five marine time-kcepei 
planned out to have spring detents to their 'scapements, the liftiii 
spring being placed on the roller, or pallet, which received the in 
pulse. These were not finished till 1782. Subsequent improve 
ments, made by the late Mr. Arnold and others, can hardly be coi 
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sidered as differiiig very materially from those of Berthoud. This 

'scapement in pocket-watches may sometimes come under such cir« 

^umstances as have been noticed with T3rrer's, or the duplex ; but no 

other can well be admitted into box-chronometers, whether it is made 

the manner of Arnold's, or in that of £amshaw's. In this 'scape- 

of Arnold's (see plate IX. No. 51 ,) that part of the face of the 

f^^Jlrt, at the point or nearly so, on meeting the cycloid curved tooth 

gi?e impulse, rolls down on this curve, for one-half of the angle, 

in die other goes up ; or it may be thus expressed, — the curve 

in on ^ pallet for the iirst part of the impulse, and comes out 

^luring the last In making this curve too circular near the point of 

tix>th9 as has been done by some, when the drop is on the nice 

the pallet has to turn a little way before the wheel can move 

fcMwaid, which has sometimes caused stopping; but where attention 

IS gif<en to the proper form of the teeth, this is not likely to happen. 

Intfiat of Eamshaw's (see No. 52,) the face of the pallet is coc- 
nadewbiy undercut. Here, the *point of the tooth will slide up for 
fint part of the impulse, and down in the last ; in the first part' 
ito action, it seems to have little to do, and may acquire some ve- 
loQtjf in order to overcome the part it has to perform in the last, 
peihaps may be deemed a consideration or property of some 
The face of the pallet being undercut, had, from experience, 
found requisite, as is said^ in order to prevent cutting or wear- 
In Berthoud's box-chronometers, or time-keepers, the face of 
flie pallet is made straight, or in aline to the centre. One of them, 
sAsr twenty-eight years going, the greater part of which was from 
Surope to India, and in the Chinese seas, was put into our hands, and 
mUmt the face of the steel pallet, or that of the steel detent, had the 
hut ippearance of being any way marked. This was the more re- 
nnUUe, as the wheel was uncommonly thin. It must have been 
Mieof very fine brass. The wheel had ten teeth; tlie ratio of the 
^MHlBr to that of the roller or pallet was .630 to .340 : the balance 
VBflbed 174 grains, and made two vibrations in a second. The ba- 
haoe was suspended by a short and very weak piece of pendulum 
frag wire, which had 'been broken by some accident before we got 
i The length of the suspension spring required to be .9 of an inch 
nd 00 very delicate, that many were made before the chronometer 
ooold be brought any way near to time. It seemed to have more in- 
Ance during the adjusting of it to time, than any spiral spring 
eouU possibly have. From being confined to a certain length, it gave 
^ great deal more trouble in the operation, than otherwise it would 
iHfedone. 
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The bihiice of a marine time-piece, when MMpebded kAbvayl 
a Teij delioate pieoe of peoduhm apring wire, w3l admit ^ bri 
moch heatier fSmn of tet wboee phrols nm m b o ttomed hokm^ *m 
nel or torn on the end m one of them; becanw all te §M 
whidi the phota of the niBpeiided bakDce have, ia onlf on the -elll 
of the fiiction roDeia, and wliidi ia veiy incontidenihle. Aa tM 
eadiof the balanoe piroti turned between three roDenB, wfaieh -IM 
moie than one inch in diametar, and from them and the aoapaaii 
apring peifaapa aioee that ease and fineedom in the motiA of I 
balance, in conaeqoence of wUdi the bahnce-wheel te^ - had tt 
to do when inipeffiog the ndler or pallet; thia waj hm bee a'% 
cause why the pallet &oe waa not cut or maifced. It may W i 
eened, Ant it had the common qiiral balance qxing, and a eaal|li 
eation onnefating of two kmintt, or bladea of braae and ateel ftai 
togedier and rifeled ; and, in the movable end waa a acrea^ 'tMJ 
by iti connection widi an arm in which die cuib pma were Jfktk 
aerved to regulate fixr mean time : three screwa in the edge orHHT 
the balance were also used fer thia purpose. ^ 

When the diameter of die pellet roller has a eonaidersfale ftilft 
tion to that of the wheel, the angle of 'scapement wiD bo kavtHl 
die hold on the fiice of the pallet by the wheel-teeth wiH also belli 
but the impidse given will be more direct, and the chance of stoppli 
from any counter-action by external motion, will also be greatly h 
sened. In this angle, more must be included than diat which 
made from the drop of the tooth to its escaping die pdbt Tl 
an|^e of 'scapement is included between the point wh^e die too 
escapes from the main tNtUet or roller, and the point to whUl d 
lifting pallet comes in returning, afler having passed Ae Mi 
spring. There can be no 'scaping,, unless the lifting pallet has pii 
ed the lifting spring; it is then again ready to unlock the vMl 
It is desirable that the unlocking of the wheel shouki be made ill 
the least possible resistance to the vibration of the balance, aAkh 
attained by having the end of the lifting pallet as near to Ae esaf 
of the balance as is consistent with its getting such a hold<tf1 
lifting spring, that, in its course, it can readily and easily briq| 4 
the detent from k>cking the viheel. The bold of the tooth on the d 
tent should not be more than the hundredth part of an inch ; in aoi 
casea dus may be even too much : but, in doing tUs, the ai^yl 
mentaiy angle becomes greater, and increases the angle of 'Mi} 
ment; and, therefore, it may be proper to have the lifting p ^ttfH 
litde longer. A litde additional lengdi will gready reduce the ail| 
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ef 'fcapeaient, and not much increase die evil of a gieater resiatance 
to the vibraftiQns of the balance. 

b a box-chronometer, where the balance-wheel has twelve teeth, 

and the irMe angle of 'scapement is to be 60 degrees^ it is required 

to find the ratio of the diameter of the wheel to that of the roller. 

The supplementary angle being taken at 16^, the angle of impulse 

must dien be 45^, which is rather wide as otherwise; but it wiD 

be less than this, when the thickness of the points of the teeth, and 

the spaces for drop and escape, are taken into computation. Now, 

d6<P, being divided by 12, the number of the wheel-teeth, gives 80^ 

Ibr die quotient, and, when divided by 46, the number of degrees (or 

the angle of impulse, the quotient will be 8^. The diameter of the 

is si:q>pos€id to be .6 of an inch, to find that of the roller, 

Tf as 12 : 6 : : 8 : 4. Four-tenths of an inch is the diameter re-' 

ffoved for the roller, which will give somewhat less than 45^ for the 

angfe of impulse. The diameter of the roller may be found in ano« 

tber way, sufficiendy near for practice. The diameter of the wheel 

is .• of an inch, or .600 ; dien say, as 113 : 355 : : .600 : 1.885, 

this last being divided by 12, the number of the wheel-teeth, gives 

ftf the quotient .157, the distance between the teeth. This distance, 

takoD as a radius for the roller, would give 60^ for the angle of im- 

poke; about one-fourth more of this added, will give .200 for the 

ndns, so that the angle may be about 45^. 

Nodiing should be overlooked which can contribute to make the 

Mnee unlock the wheel with the least possible resistance. Whe» 

te wheel is locked by the extremity of the teeth, it must be easier 

vioeked than when the locking is at a less distance from the centre. 

Aeimloeking cannot be done easier than with such a wheel, for a 

dehched 'scapem^at, as was contrived about twenty or five ind twenty 

fNKii ago by Owen Robinson, (see No. 53,) a very judicious 'scape- 

"Mmt-maker in London, who worked long with the late Mr. AmokL 

IW wheel is like that for Tyrer's 'scapement The long teeth of 

^>ite rest on the detent, and the upright teeth give impulse. It ia 

^Hdenl dial the unlocking with such teeth must be very easy, when 

^QQuwied with the teeth of those wheels which are made afler the or- 

tjest nHtot has been said concerning the principle of a d^ached 
^c%penient may not be sufficient, we shall endeavor to describe the 
*^B%peinent itself such as it is at present conunonly made, so as to 
8i^ an idea of it, and of the manner by which it acts. The bap- 
^*>icfr-wlieel of a pocket chronometer has frequendy fifteen teethe not 
^^^ deep cot, and a litde undercut on the ftce ; a notch, cut in a 
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round piece of flat steel or roller, which is thicker than the wbn 

forms the face of the pallet Sometimes, or rather firequeDdy 

small piece of ruby or sapphire is inserted into the notch at the fi 

of the pallet, for the wheel-teeth to act upon, so that no wearing n 

ensue. The ratio of the diameter of the wheel to that of the rol 

is that of .425 to .176. When the wheel and roller are in ti 

places, the wheel supposed to be locked, the roller must t 

freely between two teeth, having only freedom to do so, and not mi 

more. From the centre of the roller to the point of one of the te 

that next the last escaped, let a line be drawn at a tangent to I 

tooth; on this line is placed the detent and lifting springs. 1 

detent piece on which the wheel is locked, is a small bit of fine 8t0 

either ruby or sapphire, set into steel, formed into a delicate spii 

of such a length as to be equal to that of the distance of twoor th 

spaces between the teeth, with a sole and a steady pin at one eod 

it, which must be fixed to the potence-plate by a screw. Hub 

what is called the deient spring, the end of which goes wilfabi 

little distance of the circle described by the extremity of the hflf 

pallet. On the led hand side of the detent spring, is attached u 

ther, called the lifting spring, which cannot be too delicate, but 

made a little thicker towards the outer or iifliiig end than anywix 

else. This end of the lifting spring projects a very little beyond tl 

of the detent spring. On the arbor of the roller and balance, a 

placed near the roller, is twisted a short and tliick steel socket, 

which is set a bit of precious stone, the face of which is made fl 

and nearly in a line with the centre ; behind, it is chamfered on i 

wards the point, and made rather thin than otherwise. This is call 

the liftings paUei, The length or height is made so as to unlet 

the wheeUo the best advantiige, that is, by only carrying the dete 

a short way beyond the imlocking. Tliis excursion is to be confiiv 

to as small an angle as may be. Near to the detent piece is fixed 

stud, in which is a screw to regulate or adjust the depth of the d 

tent into the wheel-teeth. The point of the screw should be ha 

dened, and have a part of the ruby detent to rest upon it, when tl 

detent spring presses that way. In Eamshaw's way, the dete 

spring presses against the shoulder of the screw wi. (See No. 62 

When the balance is at rest, the face of the liiling pallet n is very ne 

to the outer side and end of the lifting spring. If the balance 

brought a very litde about to the left, the lifting pallet will pass t] 

end of the UfUng spring. On the balance being now turned towar 

the right, at the moment of the wheel being unlocked, the face 

notch of the main pallet or roller presents itself to receive the poi 
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%£ one of the teethe and is impelled by it with considerable force ; 
neinwfaile the detent fidls again to its place, and locks the wheel. 
Ths balance having completed this vibrationy returns ; in the re- 
taniiig, the lifting pallet pushes the lifting spring easily aside, being 
■okmger supported by the detent spring when fuming in this direc- 
ter-tfaat is, from the right to the left ; the detent is again ready lo 
be dbengiged on the next return of the balance, and so on. The 
vonb r^hi and l^/U in this description, apply to Arnold's plan of a 
dslMhed 'scapement, and must be taken on the contrary sides, wbaa 
fitted to Eamshaw's plan. It is usual to make the bending part of 
tfb lifting spring as weak as possible ; it should even be made to 
come to its place, at the end of the detent spring, with no more force 
im just to bring it there ; the detent spring, brides being also very 
VMkat the bending part, should have that force ofi%, and no more, 
ikich will bring it to its banking or limits, and keep it there : the circular 
p«t of the detent nib being drawn from a point, that is the smallest 
■Uter eccentric from its cehtre of motion, will tend a little, by means of 
fte whed-teeth, to keep it to its place. When these springs happen to 
beaKttle stronger than what has been suggested, it will show a oon- 
■denUe difference (of loss) in the extent of the arcs of vibration of the 
Vihnfft 

Botz-chronometers are commonly hung on gimbals, the plane of 
ftefial being somewhat above that of the gimbal pivots ; the brass box 
ii iriuch the chronometer is fixed may be about an inch and a half 
fap, and this, like a short pendulum, must make many and quick 
ihatiopg, when afiected by external motion, from whatever cauise ; 
mi whatever agitation the chronometer may meet with, must, 
tf ooume, naturally affect the motion of the balance in same de- 
pm. In order to correct or prevent, as much as possible, the ef- 
kl of external motion reaching the balance, it might be proposed to 
kne die box, in which the chronometer is placed, as long or deep as 
Cirid conveniently be adopted^ — say, from eight to ten, twelve or 
■on inches ; this would then be something like having a greater 
^gdl of pendulum, and consequently any vibrations made by the 
b«x would not only be slower, but fewer in number, and hence the 
Wnce would be less affected. Berthoud seems to have perceived 
k advantage of this, by having his marine time-keepers suspended 
or fixed in a long case or box, on account of the less number of vi- 
hitioiis it would make from any external motion that might take 
pkee. In one of his marine clocks, the brass case which contained 
i^ hMl a thick piece of lead fixed to the bottom inside, in order to 
inke Ae clock hang steady on its gimbals ; the case over all, firom 
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the bottom to the top of the glass^ was about nine inches and a hdf 
in lengthy and the ndiole^ when together, weired aiiteen poaidb» 
three ounces and a half. The pivots of the gimbals were about thrae 
and a half, or four inches, or peihaps a little more below the jten 
of the dial, but, as thus placed, were in the plane of the balancot so that 
any pendulous motion the case might get, should be as alow as 
sible, and have the least effect on the balance. A penduhan 
be BO fitted up as to give as few vibrations, in a given time, as ooe tf 
six times the length. Having the rod extended above and below dM 
centre of motion, a weight of 130 grains being on the upper peit d 
the rod, at seven inches above &e centre of motion, and a boll el 
480 grains, three inches and two tenths of an inch below the cenln, 
would require a minute to make fiffy vibrations ; a pendulum to do 
this in the ordinary way, would need to be fifty-six inches and a InH 
in length. The weight of 130 grains being placed one inch and 
two tenths above the centre of motion, the vibrations in a 
will be one hundred and sixty. The vibrations of a pendnhmiy 
inch and a half in length, the depth or length of the box whidi usoaly 
contains our chronometers, ought to make above three hundred vibratioiii 
in a minute, which is six times the number that would be made, 
they suspended properly in a deeper or longer case ; and surely, 
the agitation or the number of vibrations can be so much lesseoedi 
must not this also lessen its effect on the motion of the balance f Nol^ 
withstanding what has been said, it is surprising to observe with whal 
steadiness marine time-keepers in gimbals maintain the horisontal 
position, even while the ship may be pitching or rolling vnldk great 
force. 

Our marine or box-chronometers are commonly turned upside 
down before they can be got at to wind up ; and this motion of turn- 
ing them, however litde the influence it may have on the motioi 
of the balance, yet it may bo supposed to have some, i^ch mi|^ 
be easily obviated, by making the winding up have place on the dial, 
the fusee square being made to come up as much above the surface, 
as just to allow freedom for the minute-hand to pass fiieely be- 
tween the glass and the top of the fusee square, nor ought the hoiv^ 
hand to be put concentric with the minute-hand : the custom of on 
artists doing so, has made any inconvenience attending it be over 
looked. It is, however, obvious, that when the hour and minute-hands 
are passing together over the place where the seconds circle and ae- 
co lis hand are, that this assemblage of all the hands, to say the leasi 
of it, must create a degree of confusion at this times and give more 
trouble to an observer to take the time so accurately as he couki 
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wiab to have it Berthoud, Le Roy, and others of the French ar- 
tists, always placed the hands of their chronometers 8eparataly« and 
from one another, for the reasons which have been stated, as well as for 
other views they had, regarding the drawing the cdipers of the movement 
of tftese machines. 

The detached 'scapement of Mudge was contrived more than siztjf 
joHn agOi if we nmy reckon from the year 1766, when he showed it to 
-Bertboud, who was then in London, and who informs us that it had been 
made a considerable time before. See Plate X. No. 66. 

This 'scapement is composed of a wheel and pallets like thoae 

nssMle tor the dead beat '«capement of a clock, only the wheel-teelh 

aie not cut half the depth. On the verge or arbor of the pallets is 

placed an arm of some length, generally a little Icmger than thai of 

Ae pallets. The end of this arm is formed into a fork-like shapa 

On the axis of the balance is a short pallet, whose acting end may 

he of a small circular form, having the sharp part of the ang^ Unnt- 

edieonung a little way within the prongs of the foik, which akeroal^ 

^ acts, and is acted upon. There is also on the axis of the balance 

a sdmD roller, having a notch in it On &e end of the arm is al- 

lachsd a nnall steel piece or index, in a plane idiich nmj either be 

above or below the prongs of the fork ; this index is on the outskle 

of die roller, when the fiee part of the vibration is performing, and 

prefcols the wheel-teeth from getting away from the place of vest 

On die return of the balance, the index passes with the notch in the 

iniler to the opposite side; meaniAile the short pallet gets into tfie 

bA, meeting with one of the prongs, poshes it on a very little way, 

ttid Aus disengages the teeth of the wheel from the circular port of 

tito paOety irbete they rest during Ae free excuraioai of the balance. 

When diaengaged, the teeth get upon the flanches of the pallet, and 

8^va impulse, which causes the opposite prong of the fork to come 

faawurd on the short pallet, and commiminglB impulse to it These 

tiso sbott pallets, and the prongs of the fork lie in diflhraoit 

The impulse in this 'scapement is given at every vibniien ; 

lit aeema to have perfonned uncommonly well in the watch wbUh 

made for kr kUe Majtsty Q^^n Charlottu ^ It is by no neaas 

for Ae execution of ordinary workmen, as it requires more ad- 

Aan asually Ms to their share. The lato Mr. Emeiy was 

taken up with it; and although he had a little success, and 

hid die aid of a very excellent workman, yet he experienced consi- 

datUe difficulties. It any be somewhat eaoer managed, by adqptp 

^Lepaule^B mode of Graliam's dead beat, which we have tried. Of 
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ble duB |iifaici|d6 of Mudge's has been adopted in many eommwi 
watches. 

T|ie Mowing is a deaeription of the 'acapementy given neniljr in Mr. 
Hudge's own words. A, the balance or pallet wbed: B and 
pallets similar to dead-beat pallets in clock-woik« from the eentn 
whichy at D, an arm projects^ having the forked ends o, &. Upon 
axis of the balance are the pallets d and e, which act and are acted 
ahematelj by the forked ends a« 6, of the arm D. The pallelB a* d| 
weU as the forked ends a* 6, lie in different planes* viz. the pallek d| 
die projecti<Hi a, are in one plane; whilst the othw pallel«yand 
other projection 6« are in another plane, as represented at 1. Upon 
arm D, 1 and 2« is screwed the piece^^ by means of which* and 
roller g« the wheel is prevented from being unlocked when the ftikaA 
ends o, 6« and the pallets d and e, aro disengaged. Thiu puce i$ Ufi 
m JVb. 66. 

In 1792« a veiy neat and ingenious sort of a detached 'scapement 
contrived by the late Mr. Howell, founded on diat of Kendal's, m 
hands hs had occanon frequently to tee t7, in which the wheel-teelh 
on the semi-cylindrical part of the pallet, during a part of the goiqg 
returning vibrations of the balance, as has already been described in thi^ 
of Kendal's. 

In this of Howell's, after impulse is given on the face of die aeou-* 
cylinder, and just before the tooth is quit, a detent is presented to ra-- 
ceive one of the wheel-teeth ; this locks it, by which the action of iim 
wheels is suspended during the greater part of the gcnng and rsfaon' 
ing vibrations, the pallet being then free, and independent of the wheels. 
This 'scapement is composed of two crown wheels, A B, A B, Fkte X* 
No. 66. ; on the same pinion arbor p p, the points of the teeth of the cam 
wheel being opposite to the middle of the spaces in the other. Om 
the axis or verge of the balance R R, which stands quite dose to tfasfc 
of the balance or croi^ wheels, is a semi-cylindrical pallet, lAtotm 
diameter should be nude according to the angle of the 
required, which will also regulate the distance of the wheels from 
other. The pallet is put near to the collet on which the bahmcei 
riveted ; a small arbor at h^ having very fine or small pivots, is 
in so as to stand parallel with that of the balance, and placed at 
distance outside of the wheels ; but where a line drawn fifom it, 
passing at equal distances from or between the pmnts of the 
teeth, when continued, shall fall in with the centre of the 
On this arbor is fixed an arm d li, at the inner end of which is a 
fork and index ; on Ae verge or balance axis, and near the lower 
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18 a flfaort pallet, and a roller connecting with the fork and index, in 
imitation of Mudge's, acting in the same way as has been described, 
but hare onlj in the locking and unlocking part Where the arm 
patw between the wheel-teeth, which may be at ninety degrees, or 
■0, from where (key act on the pallet, are fixed at d two detent pieces, 
COB fan each wheel ; q>posite to the inside am), aad in the same hne 
^Mi kf a part of it is prolonged beyond the small arbor at A, outside 
€)f it, with a small ball on the extreme end by way of counterpoise, 
■mrlotdiere two screws b 6, in fixed studs not represented, serve 
lare as a banking. It may easily be conceived, diat one of the 
wheds being locked, suppose that on the lef\, the balance, when re- 
tmns from the left to the right, will, by means of the short pallet 
mtA iMied ann, &c. carry the detent away ; and, just as the point of 
tk tooth is free, the face of the semi-cylinder is presented, to meet 
mUk a tooth of the same wheel and get impulse ; but before this tooth 
1m neaily escaped, the other detent is ready to receive a tooth of 
tit opposite wheel, and so on. This 'scapement gives an impulse 
ait ereiy yitoition, as is done in Mudge's. In the tenth volume of 
tin Drmuaetiom of the Society for the Encouragement of AtU, 
^c there is a description and drawing of this 'scapement It may 
be observed, that where the semi-cylindrical 'pallet, either faced with a 
of precious stone, or made wholly so, the 'scapement would go 
fiir a considerable time without falling off. 

h the marine time-keepers which Mr. Mudge himself had made, 
*scapement is apparently on a very flattering principle, which he 
IhI suggested as the means of improvement many years before he 
it in practice. Their good performance seems to have been un- 
and it is singular that, notwidistanding the efforts of three 
four of the best or ablest workmen that could be got to the estab- 
set up by Mr. Mudge, jun. in order to put this 'scapement 
ftther's to time-keepers, which they^ the artists, were emj^oyed 
nske, not one was ever produced diat was at all equal to the 
This 'sci4)ement is, however, really very complex, elar 
and of course expensive in making : yet, when once executed, 
will be permanent in its effect, and require no after adjustment 
flie common detached one. After what has happened, it is not 
liiBty, however, that it will be again adopted. 

llie basis of it is, that of the curious old crown wheel and verge. 

Iq place of die verge being in one, having two pivots, and the ba- 

Wce riveted on it, let us conceive that each of the pallets of the 

HigB has an arbor and two pivots, and diat the balance is on a double- 

bttMl crank, having a pivot at the end of each knee, one of whkh 
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maj be called Ae foot pivot, the other, the bdance pmt ; the pMoe 
o£ flted from vdiich tl^ last is turned being in the collet on vImIi 
the bahmce is riveted. These pivots, and those of Ae pallet wAmt 
are in one upright line, coinciding and concentric with ooe a a o ih g i 
having their motion, as it weie, free and ind^Modeot of each dhSi 
unless when, in their parts of the action of the 'saqpement, the fm 
of the paUets, in place of being flat, are hollow or a litde carved, ksi* 
ing anibat the edge to lock the wheel by. On the lower end of lb 
lower pallet or aibor, is an arm, projectiag neariy as fiur as the hmlbg 
part of the crank knee, in which is fixed a pin that acts on the inv 
side, and near to the end of the aim, and is alternately acted vfos: 
close by the arm, and on the pallet arbor, the inner end of a i|W 
spring is fixed ; the outer end is in a stud, having a cotain degm 
ik tension or bending up (tn ihat direction which tend» ip My 
the paiktM down into (he tpaces of the teeth) before fixing it ia In 
stud. The upper pallet arbor has the same as has been descriMti 
the lower one, and a 'corresponding pin in the iqiper knee «f lb 
erank. It may easily be conceived, that the length of tiie craik kseai 
ought to be such as to allow it to sweep round and behind the crom 
wl^el, its boundary or banking being that of the crown<^heel aiUr> 
or it$ pinion arbor. When the paUets are not raised up, and In 
wheel unlocked, the tendency of the spiral springs is to bring Am 
down within the spaces of the crown-wheel teeth. Suppose the if* 
per pallet raised up, and the wheel locked, the under one heiof iotb 
reverse position, and the balance vibrating towards the right, the pit 
in the upper crank will of course meet with the small arm, andi €&h 
Tying it on a little way, the wheel tooth gets disengaged ; by dni^ tb 
wheel getting forward, the lower pallet is raised up, and <he wherfis 
again locked. In the interim, the upper aim being carried on aftv 
degrees, by means of the momentum of the balance in vibnliifi 
bends up the spiral still more than what was done by ^ wheel h 
raising up the pallet; the reactimi of which, on the returning vibntiiif 
gives impulse, by means of the arm on the pin of the craidL lb 
jnn in the lower crank now getting forward, meets with theaiaif 
the lower pallet arbor, carries it on, the wheel gets disengaged, 0^ 
so on. This 'scapement cannot set itself off; f(H*, before this can b 
effected, the plane of the balance must get some degree of tf* 
temal circular motion. The balance may be said to be free in dut 
part of the vibration, afler the pin of one crank has left its eoatt 
ponding arm, till the pin of the other meets with f(!9 arm ; this h 
however, so momentary, that it has no churn to'the^title of a fie0 
or detached 'sc^iement, aa 90 eatted by a ditlktguiahcd miitlr^ 
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wfcich, foreign artists ^dll think rather an improper one. Ber- 
UMNid aaja, it is one of the most ingeniouB rtmotUoir 'acapements 
Imboio known. The bahnoe had, on its arbor, two spirals or pen- 
qNrings, for the porpoae of obtaining the most isochronous yi- 
Something in this way had formerly been pix^iosed by one 
a>f As BemouiUis. Drawings, and amore detailed description of this 
will be found in the work publiriied by Mr. Thomas Mudge, 
', entided, ^ A diescnpftcm, mCft p/otes, of the TuM-Keiper tnoail- 
«i,lf Ae laU Mr. T^omm Mudge. By Thomas M^idge^ hii mm. 
prmUd for the Aii^or, 1799." The compensation work in 
like every thing of Mudge's, is ingenious ; though nodiing of this 
can ever be equal to that of being in the balance itself. Hie train 
tf whseb went contraiy to the ordinary directioa, and we have no sat- 
■fatmj reason assigned for it 

Tie fbiegoing description of this 'scapement of nudge's may pei^ 
M|B be rendered more intelligible, by having recourse to the kttem 
ft Fkle VI. Nos. 32, 33, which represent the 'scapement under 
Mhuit views, the letters referring to the same parts in bodi figures* 
L A, Hie balance-wheel ; BB, the balance, the verge or axis of whkb 
3 C, is a crank : F, the pendulum spring, by means whereof the time- 
is regulated : 6, the pendulum fairing stud, which is screwed 
fte cock : H, the pendulum spring, which is acted upon by the 
tion pieces : I, the stud which is screwed on the upper 
lite; Df o e ft m, and E, 6/ 1 2, are two compound pieces, wfakh eom^ 
^■fealB the motion from the balance-wheel to the baknoe, and con- 
te efllie following parts, viz. the projections or pallets/ m, whicb 
Bt' aotoJ upon by the teedi of the balance-wheel, and were made of 
imk t&at in the original time-keeper, but they may be made of 
lAy, sapphire, or other hard stone ; o and by steel arms, which act 
Ae pins c <f, of the balance crank ; e and ff Ae impelling springs 
•re attached to the arbors of the pallets at the inner ends, and* 
■tods g and ^ at the outer ends ; t and A:, small screws whidi Gx, 
m psDela to the aibors by means of the clamps or [Meces of steel D 
d E; 1 and 2 are separate views of the pallets and tfaeir springs.^ 
kimg mentioned all (he parts of the 'scapement, we shall now attempt 
^ dsseribe its action. 

When the balance-wheel (as appears in No. 33,) has raised the 
?4Bt 2| dus is kept from going any (ardier by the hook at the end 
^ilt until the pin <l,inthe crank, meets the arm 6; for then die crank 
^ carry on with itself the arm & to the end of its vibration, and al; 
fc same time, the toodi of the wheel will be disengaged from ib& 
jiofe-mentioned hook at /. Afterwards, as the crank retumSf the um 
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bj actuated by its spring /« will conununicate an impube to the cnakf 
and soon afler its crooked part will come to rest against ooe of tho 
teeth of the wheel, which again raises the pallet L With reelect to Ife 
balance-idiee], as soon as its tooth is disengaged from the pallet Ai^ 
the means above stated, it raises the pallet m, which, on the niltaak% 
vibration of the balance, is, by the pin c, acting on the aim «, caniadM 
in a ccmtrary duection, afler the manner mentioned respecting the cte 
pallet ; and thus the springs attached to the two pallets, alternately gbe 
their auxiliary aid to the vibrations of the balance* 

It may perluqMi gratify the reader to have Berthoud's observalkw 
on this 'scapement — ^*^ The assemblage of parts in this 'scapeoflDt 
may appear seducing; however it is to be dreaded, that a medwir 
ism so complicated, and the action of whose parts is so delicate, ciift- 
not be easily put in practice ; for it requires an extreme niceiNttof 
execution to make their effect sure and certain, such as the stop for 
the pallets, to make the axis of the pallets coincide exactly widi tint 
of the balance, the pallets of the remontoir increasing the frictioD o£ 
the regulator ; two pivots of these pallets are constantly in actioD dar- 
ing each vibradon, which comes to the same thing as if the bahnoa 
had four pivots, &c«" 

^^ We shall observe, moreover, that the regulator of Mr. Madge i^ 
composed of four spiral springs, two for the pallets, and two for te 
balance ; and these ought to procure isochronism ; for it is indupflD- 
sably necessary, that, in a portable machine, the oscillations of uneqod 
extent of the balance should be isochronous ; now, if they are so, <b» 
mechanism of the remontoir is of no use, and, if they are notso,tli* 
watch will vary, notwithatcmding the remonloiri when, from agititios 
or shocks, the balance shall describe greater or less arcs ; and rf- 
so when these arcs shall vary either by the friction of the pivots, or bjf & 
change offeree in the spirals by heat or by cold," &c. 

Although the balance in pocket-watches may be put tolerably OB>f 
to the equilibrium, yet many circumstances contribute to make iif^ 
go unequally in different positions, such as in hanging, laying, Uc* 
which require time, and give a great deal of trouble before they €0^ 
be completely corrected. In order to get the better of this, Brtgt/^ 
an eminent watch-maker in Paris, contrived a 'scapement, whk^ 
with the pendulum spring stud, revolved round the centre of the 
lance once every minute. By this means, whether the bakoce 
in equiUbrium or not, the going of the watch was httle affected bj 
as every part of it was up and down in the course of a minute. 
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compensated any want of equilibrium in it This contrivance is mere- 
ly mentioned by Berthoud in his Histoire^ as he did not think himself 
»t liberty to give any description of it, since Breguet had a pat^t 
or hmei d'imentum to make them. We have been informed th^t 
te nme sort of thing had been made before by the late Mr. John 
Amoldy to idiom Breguet had acknowledged having copied the inven- 
tioo from him. 

Those who wish for further information respecting 'scapementSt may 
consult TraiU d? Horlogerie, par M. Thiout Hiatoirt de la Jlfr 
mart du Temps, par M. J. Berthoud. And the Transaciums of ike 
Soekiif for the Encouragement of Arts, Commerce, ^c. 



CHAPTER IX. 



On Compensation Curbs, and Balances. 

Compensation against the effect of heat and cold in time-keepers^ 

18 certainly one of the greatest improvements that has been made. 

without this, they would have been far from keeping time, and 

would have varied continually with the temperature of the atmosphere, 

io tkt no fixed or settled rate could have been obtained. The detached 

'jcapement will show this more than any other ; for if there is no com- 

Pttaation to it, the watch will vary necurly thirty seconds in twenty- 

ftnr hours. The influence of oil in the cylinder 'scapement becomes 

witidf a sort of compensation, and the efiect of changes of tempe- 

ntme is much less obvious in it than in the detached 'scapement 

^Qtere is very great reason to believe, that Harrison was the first 

who applied a compensation ; but there is no written documents to 

Wnmt us in ascribing to him the honor of the invention, to which, 

kvirever, we think he has a just tide. Some very imperfect hints 

Arown out by Martin Folkes, Esq. President of the Royal Society, 

*bout 1749, of Harrison having some mechanism of this sort to the 

thee time-pieces made prior to a fourth, which gained the reward voted 

I9 Parliament ; but as no description of this was ever published, the 

™oc]k artists have had it in their power to claim the priority. In 

Prison's fourth machine, it is known that the compensation-piece 

^^ composed of lamins of brass and steel pinned and riveted toge- 

^ in several places. Perhaps those in the three former difiered 

'<fe or nothing fi-om this. 

33 
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The first pocket-watch made in Europe with a compensatiQii 
by F. Berthoud. It waa begun in 1763, finished the begimiiiig of 
1764, and was sold in London, in 1766, to Mr. Pinchbeck^ for hb 
Biitanic Majesty King George the Third. The compensatioD was eC- 
jfected by laminsB of brass and steel pinned together, one cad of 
which being fixed to the potence plate outside, the other acted oa • 
short lum projecting from a movable arbor, — a longer arm hsvmg 
the curb pins in it, which were made to move nearly in the cade 
of the outer coil of the spiral spring. It had a common crown-wheel 
and verge-scapement, and a going work in time of winding. The 
balance was so heavy as to sett ^hat isy if the halanee wob bromg^ 
to re8i by the finger^ it would remain soj tiU set off by a 
motion^ being sixteen grains in weight, and the vibratioDB 
four in a second. Mr. Kendal adopted this mode of 
in some of his pocketrwatches. See Fig. 4, Plate XYI. of Bcf* 
ihoud's Histoire^ ^c. 

Mudge, some time before the year 1770, made a watch for Mr. 
Smeaton, in which the compensation was effected by two long siqa 
of brass and steel soldered together; being afterwards dieaeed op^ 
the united piece was coiled or turned up into a spiral, as doee toge- 
ther on the coils as to be free, and no more. The inner end was 
fixed to a circular curbed toothed wheel ; a short portion of the outa 
end had a sort of pivot formed on it, bent in the circle of tlie 
outer coil, and supported by a small stud fixed in the curb whee( 
having freedom to move easily in a hole in this stud. At this end ^ 
were the curb pins, between which the spiral or pendulum spnng 
played ; the effect of heat or cold on it was counteracted by die spi- 
ral compensation piece. The 'scapement of this watch was the cf* 
lindrical or horizontal one ; and so long as the oil kept clean and 
fresh, the compensation might be useful to it In 1774, we made ooe 
or two of the same sort of compensation curb-work for honzaotol 
watches. At that time no better kind of 'scapement and conipeii0t- 
tion were much known, at least so far as came under what was then io 
the common practice. 

Notwithstanding what has been already mentioned, it may be pi^ 
per to observe, that an artificial compensation against the effects of 
heat and cold on the pendulum spring, can be of little or no use to & 
watch having the cylinder 'scapement, unless foe a short time, while 
the oil is clean and fresh on the cylinder. From the nature of this 
'scapement, and the oil which is requisite for it, it possesses in Hsetf 
a kind of natural com|)cnsation, as we have mentioned before. TUs 
is quite otherwise with the free or detached 'scapement, which is more 
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peifect and independent of oil ; for the effect of heat and cold on the 
pndiihim spring in it are so immediately obvious, as to show that it 
cannot do well without an artificial compensation to correct those 

CDBCBm 

For die trial of Le Ro/s time-keeper in 1768, a voyage was underta- 
InaoQ pmpoM, the particulars of which were published by M« Cassini 
and M. Le Roy, jointly in 1770, accompanied with drawings of that 
tiD»-keq[)er. Le Roy, in the same volume, gives a compensation bar 
knee, which is pretfy nearly like those of the present day, only the lami- 
nBire pinned together, in place of the brass being melted on the steel, 
aiii done by our artists. The compensation of Le Roy's time-keeper, 
]|iwe?er, was ^not of this kind. It consisted of two glass tube ther- 
nometere, bent nearly into the form of a parallelogram, with a small 
hi to each at one end; the other open, and fiUed partly with mer- 
cay, partly with spirit of wine : these were fixed to the axis of the 
UDoe opposite one another ; the balls lay very near to the axis. It 
wmdd appear that Le Roy had not thought of a metallic compensa- 
tion, until the return of his time-keeper from the voyage. He had 
tibn die idea of this from getting an account of Harrison's, wtixAi was 
wak to the Royal Academy, signed by Ludlam, who was one of the 
aekolific gentlemen q>pointed by the Conmiissioners of the Board of 
loagitude, to take Harrison's account of his time-keeper, previous to 
■jpart of the reward being paid to him. 

ha Life of Peter Le Roy, the son of Julien, the method of com- 
fwitiun is erroneously ascribed to that artist's fiither, '* to whom we 
ceiadebted,'' says the writer of the article, '^ for the method of com- 
IMliiij^ the effect of heat and cold on the balances of chronome- 
tai^ by the unequal expansion of different metals. This effect takes 
fbu tMefy on the pendukm springs and a plain balance is very 
VUktiffectcdi — a discovery which has been brought by our English ar- 
lirii to a state of great perfection, although it had been laid aside by 
ttaiivaiitor's son Peter." 

It is difficult to understand how this mistake should have been com- 
nitted ; for the following account of the discoveiy, given by Peter Le 
Boy himself is in direct contradiction to the preceding statement But, 
te aUow the reader to judge for himself, we shall give it in his own 
•■gwge. 
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** Observation Y. — Sur la CompensiUion de8 Effets de la Chakwr ^ 

du Froid. 



^'Selon la gazette du commerce^ et la report ngni LudbflOy 
vof6 ^ Pacademie, pour remedier aux irregularit^s produites 
lea montres marines par la chaleur et par le froid, JVf. He 
MB 9ert dPune harre composh de deux piices minces de cukre et 
de la longewr de deux poucea^ riviea ensemble dans pkuieurs 
fixUs par un bmU^ et ayant de Pautre deux goupUles aiu trovers 
qudles passe le ressort du balancier. Si cette harre reste draU 
h terns temperi (comme le cuivre recoil phs Pimpression de la cl 
que Pader^) le coti de cuivre deviendra convex au terns chaudf et 
coU deader le sera au terns froid* Ainsi les goupiUes fixeni 
tmsr Us parties du ressorU selon les differens degr^s de ekaUur^ 
Pahngent ou le recourdssent ; d?ou nait la compensaHon des effets 
chaud et du froid. 

^Si j'avois coxinu cette ingenieuse methode avant d'avoir pens^ 
mes thermometres, je n'aurois vraisemblablement point hesit^ k 
ftire usage dans ma machine. 

^ tPai balance quelque terns si je ne devois pas lui donner la 
ference. J'ai mdme fait quelques essais dans cette vue. 3*ea ps^" 
lerai bient6t, mais apr^s y avoir pens6 mfirement, et avoir mis k par^ 
autant qu'il m'a et6 possible, ce penchant qui nous parle en favet^^ 
de nos productions, mes thermometres m'ont paru preferable,^ &c. &€?« 
See Memoir sur la meilleur Maniere du Mlsurer le Terns en Mef-m 
pp. 65, 56, inserted at the end of Voyage fail par ordre du Roi, tX^ 
1768, par iprouoer les montages marines inveniSes par M. Le Roy, &C?'' 
par M. Cassini, iUis, Paris, 1770. 

As must always be the case in the infancy of any branch of science 9 
various methods cu'e fallen on before it arrives at its most improved 
state. Berthoud, Arnold, and others, had recourse to different mode^ 
of compensation, before they arrived at the one which gave diei^ 
complete satisfaction. The former, in his first machines, used snuJl 
wires of brass and steel combined, nearly like the gridiron penduhmv* 
to effect the purpose of compensation ; to those of a later date wt^ 
applied a straight piece, composed of laminae of brass and steel pa^ 
ned together, acting on the arm of a short lever. In the end of th^ 
other arm, which was long, the curb-pins were fixed. Even witft* 
those balances which were aflerwards made, and composed of brss^* 
and steel pinned together, he adopted as a supplementary aid, ih^ 
straight compensation-piece, with the movable arm and curb-pini^* 
Considering the talents he possessed, and the great experience wlii<^^ 
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be must have had, this seems a little curious ; as, we think, where 

there is a complete compensation in the balance, it alone should be 

sufficient; and the curb pins would tend to distuib the pendulum 

flpcing rather than give any aid to the compensation. The more free 

the pendulum spring is, the chance is more in favor of good per- 

finnnce; and this is more likely to be the case, when the compen- 

adoD balance is supposed to be fit and competent for what is re- 

qnired. In some of Arnold's balances, two pair of laminro were 

phced parallel to the diametrical arms ; on the middle of each of the 

OQBdMDed lamins was fixed a small wire, which came through the 

lis of the balance, outside of which, and on the end of the wires, a 

anil ball was fixed to each. These balls were pushed out or drawn 

imiids by changes of temperature. The arguments given in favor 

of such balances, as those of Eamshaw's, which are turned first on the 

Md, and again on the brass, after being melted on the steel, are 

csrtunly very strong and convincing; indeed nothing can well be 

Md against them : yet there appears to be a degree of sofbiess in 

sach a balance, that cannot exist so readily in those where the lami- 

HB are set or turned up by hand. There is undoubtedly a great 

<U more trouble in making the last ; and though it has been said, 

tlit diey cannot be true or round, when made in this way, yet we 

hne seen some of those done by Owen Robinson, as round and triie 

^^ iny turning could make them, and possessing a degree of stiffness 

tiM cannot be supposed to have place in the other : they have been 

^ven unscrewed, or taken to pieces, and again put together, without 

^^koii^ the rate of the chronometer. Afler all, we are not aware 

^kt dironometers, with the one balance, perform better than those with 

tteodier. 

b may be observed, that on the rim of the turned balances, which 

•epaiated into two, there arc small pieces of brass, made to slide 

and forward, according as it may be found requisite, when 

Ae^ process of adjusting for heat and cold. In the other, this 

done by screwing backward and forward the pieces of brass or 

which turn spring tight on small tapped parts, formed at the 

end of the steel lamins, and are bent or set in the same circle 

them. Both balances have what are called mean-time screws, 

PiM o d in the vertical line of the hanging position, which serve with 

^^tter mcnci/e operations to adjust them to their rate of time. We 

l^no seen, and made compensation-balances with three arms, three 

^OBpound-pieces, and three mean-time screws, which were stiff, and 

iBiweied very welL 
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Fhto X. No. 57, rqxMQDts Ae compenBatioii bakiice of Amo 
tt&isaitodriniyon-wliidi three pieces are put so as to slide heni 
diera» in Ofder to adjust, in some degree, Ae ^quilibiimn of the bahn 
e e are pieces of gold, which turn spiing tig^t on the tapped parts fin 
flom the ends of the steel Iamin»; «e, are small screws put intkmii 
tfaeeompoond hminn, serring to adjust for small diSerances, at' 
mean time screws, d d, do for greater portions of time, fcc No. 1 
a side Tiaw of the balance. 

No. 68 rejffesents Eamshaw's compensation balance; d d, are 
faiass pieces having a groove tnmed m them, by which tliqr takb m 
compo u n d fim of tiie balance, and can be made to slide back and 
ward on it; ccare screws which fix th«ntotiie rim, after the «d| 
ment fiir heat and cold is completed; a a are the screws which adym 
mean time. No. 1, is a side view of die balance. 

A compensation balance of Berthoud's is represented in Phfe 
No. 50. A B is a plain circle of Ae balance, from die inner pa 
whichi a sort of contiate rim is formed, so as to receive at a, fc, soi 
tfie oompoond laminn, ed,ed, ed; the ends e of these honfaNS 
fixed upon the heels or parts reserved of the contrate rim at a, i^ 'c: 
the screws e. The ends Aat are free carry the compensatioo we^ 
C, D, E. These wef^ts or masses are fixed on the compound fauni 
each by a screw and two steady pins. By this disposition of die 
lance, when these masses are put of such a weight as to regulate 
chronometer to time nearly, the balance being in equilibrium, if 
compound lamins are weU executed, the balance will keep its stall 
equilibrium, although the masses recede from or approach toward 
centre of the balance by changes of temperature, and the effect 6[ s 
a regulator will be as invariable as if the balance was a plain one» ' 
plain circle of the balance carries three small pieces of brass or g 
d, d» d, which serve to regulate the chronometer to the nearest, in gii 
them more or less of weight 

Plate X. No. 60, represents the outside of the potence plate, B 
of die wheel work frame ; it carries the balance and mechanism 
correcting the efiect of heat and cold on the pendulum spring, 1. 
3, 4, the top parts of the pillars by which the frame is pinned k 
thrar; C G represents a plain balance ; but in this case it may be i 
posed to be a compound or compensation one. D, E, is the cod 
the balance, and also for the lever, in which are put the curt> pins 
the spiral spring ; the sole D is fixed to the potence plate ; E h 
the cock for die arbor of the lever arms, which serve to move the ( 
pins, / is a part attached to the upper side of the small cock E, 
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carries the lower pivot of the balance. The double cock, D £, is sees 

hi profile. D E is the first cock, which is attached to the potence 

platSt the end e receives the pivot e of the axis d e, of the lower curb 

|iin arbor, the pivot d enters into the hole d of the second cock E, c2 ; 

tile arm 6, or pallet of the curb pin lever a 6, is that upon which the 

acrow of the compound lamina) acts, the arm a carries the box or piece 

c a, in which it is slit at a, forming kind of pins for the spiral to plaj 

between. It is the motion of the part a which forms the compensap 

tioii in rendering the spiral spring longer or shorter, the small part / 

of the cock receives the pivot of the balance. The axis of the ba- 

luice passes through theiiole of the axis d e, which is formed in the 

DBBimer of a cannon, above the piece f, which may have either a brass 

or a jewelled hole in it, should be placed either a diamond or ruby 

fer the end of the balance pivot to work on ; it will be the lowest 

wbon the watch b placed horizontally, the dial upward, a 6 is 

the lever or arm for the curb pins, and 6, the one on which the 

•crew c of the compound laminie d b acts ; G H is a cock with chops, 

between which the compound laminsB are fixed, d 6 is a small and 

ddieate spring which constantly presses the arm 6 against the point 

of the screw c. The spiral spring must bo placed quite near to the 

hahnce C C, and above it The cock E hes above the spiral, so as 

the curb pins may come so for below as to take the spiral between 

then. 



CHAPTER X. 

ftitte Balmtce Springs of Watches and Ch'onoinelers, commonly called 

Ihc pendulum sprinf!;. 

^Ht invention and application of the spiral spring to the balance 

^ t watch, is, by the foreign artists in general, ascribed to HuyghenSf 

^iiBe they admit the idea of a straight spring having been, long be- 

^ this, applied by Dr. Hooke. It was in 1658 that Dr. Hooke 

^'i^eerved the re^orative force of springs, when he put one to the ba* 

^^Qce of a watch, and applied for a patent to secure his right of in- 

^^'oiitien. The profits were to be divided between himself. Sir Robert 

^oray, Mr. Boyle, and Lord Brouncker. It was not carried into 

^ftect, in consequence of a quarrel between the parties, on account of 

* very unreasonable demand on the part of these gentlemen. Nor 

'^'^ it tiU 1674 that Huygheiis claimed the same discovery. Hooke 

^barged Huyghens with plagiarism, through the intervention of Mr« 

^Utoburgh, Secretary to the Royal Society, who communicated to 
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him the registers of the Society when he was in England^ and also 
corresponded with him upon the subject. In 16659 Sir Rdl)ert Mo- 
ray requests Oldenburgh to tell Huyghens that such watches had al- 
ready been made in England, and to ask him, if he does not appij a 
tpmd spring to the balance arbor? It may be asked, where had Sir 
Robert seen a spiral spring? The natural answer is, that he mart 
have seen it in the hands of Dr. Hooke. The Doctor, however, had 
for long kept his invention tenaciously secret, under a sort of emgmii 
a practice which seems to have prevailed about that period with Hiaop 
— jn this way, the letters of which were c e iiino saaii uu,iii»l 
ia^ut tenaio aic via^ or the power of any spring is in the same pn^ 
portion with the tension thereof. 

As Montucla appears to be the only foreigner who allows the in* 
voition and application of the balance spiral spring to Dr. Hoobst 
we shall transcribe what he says on the subject, from his HiaUnrt i^ 
Mathimaiiqttea* Thme IL p. 488. 

*' A detail of the inventions and of the new fancies of Dr. Hook^t 
would be extremely prolix ; readers must have recourse to his ma^^ 
rous writings, which will justify the eulogium we have just now ittub^ 
him. We shall here confine ourselves to a mark of his sagacity : it 
the application of the spring to regulate the motion of watches, 
invention, so fortunate, and which is ordinarily ascribed to Huy^ifiO0# 
appears to me to be legitimately claimed by Dr. Hooke. We adi»^ 
ally find in the history of the Royal Society of London, (Part I-* 
ch. 36.) among the titles of manuscripts presented to that Sodely* 
before it published its 2Vaf»ac/ton«, we find what evidently coa^ 
cems this application. Now this history appeared in 1668, several 
years before there was a question in France about any thing of the UimU 
Dr. Hooke says that he had made the discovery about the year 1660* 
(see Lectures on the Spring,) and communicated it to Messrs. Brounck' 
er and Moray, as a specimen of some more inventions that he said ka 
was in possession of, and which must give the solution of the fiuDOO* 
problem regarding the longitude ; but not being at one with these fgaor 
tlemen, on the articles of agreement to be contracted between thmOf h» 
would not disclose his secret, so kept it, and carried it away with hiiD' 
We shall remark, that when Huyghens published in 1674 this use of 
the spring, Hooke was very indignant at it He raised a very shaip 
process against Mr. Oldenburgh, the Secretary to the Royal Societf^ 
accusing him of collusion, and of making known to learned foreiga* 
ers, discoveries deposited in the registers of the Royal Society ; ha* 
it was nowise necessary that Oldenburgh should commit this iodis^ 
cretion, seeing that the invention of which we speak, transpired; fo^ 
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the book, quoted above, appeared' in French, about the year 1669, 
and perhaps it was from it that Huyghens and the Abb6 Hautefeuine, 
wlw disputed this discovery in a court of law, took the first idea of it 
Moreover, Huyghens had already been several times in England, and 
it is to be presumed, that during his residence there, he would care- 
fullf get what information he could of all the inventions of the learned 
of the country. As to what Waller, in the life of Hooke, says, giving 
hun also the right of the cycloid to render the motion of the pendulum 
perfectly equal, that is not well founded. There is nothing in the work 
that supports WaUcr, namely, the remarks of Hooke on the Machiaa 
Celestis of Hevelius, which favors the pretension, they having to do 
only with the circulating pendulum,* which indeed seems may be justly 
daimed ibr Hooke. It is true, among the titles of writings cited above, 
Aey touch at the application of the cycloid ; but it is probable that thui 
writing is from Huyghens himself, who was a member of the Royal 
Society, and who was at London in 1665. Moreover, we are warranted 
to think that Hooke was not so profound a mathematician as to make a 
dncovery of this nature." 

Bong highly favored, by a gentleman, a descendant of the no- 
UBfimuly of Kincardine, (to whose father we had the pleasure of 
Wog introduced, at a convivial party in the year 1782,) with the 
pmmtl of a large collection of very valuable MS. letters, about to be 
deposited in the British Museum, which embrace a correspondence 
htiw xm Christian Huyghens de Zulichcm, the celebrated philosof^er 
aai astronomy, the Earl of Kincardine, Sir Robert Moray, Lord 
Iioancker and others, on a variety of useful and highly interesting sub* 
JMli; the first of these letters is dated September, 1657, and the latest 
^ 1678. Among other subjects, illustrative of the spirit and charac- 
te of the times, medicine, agriculture, draining of mines, and other 
XMimical inventions, are introduced by the respective writers. The 
Ivttm relative to our subject were with Huyghens in the years 1663, 
^ nd 65, concerning what they called pendule watches, which proba- 
Uf veie no other than the old common watches, to which were applied 
^spiral spring to the balance, at that period a new invention; or the 
iMement of these pendiile watches might be such as that of Huyghens, 
ivpnsented No. 44, Plate YHI. 
Lord Brounckcr, the Honorable Mr. Boyle, and Sir Robert Mur- 

*Tlie circulating pendulum was contrived by Hooke for the purpoflfiof illustrAt- 
^1 isg the motion of the planets, and for meutiuriu<; small portions of time. It has of 
4 bte ycmrs been introduced into steam engines as a regulator for the fly. 

34 
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ray, who were before this, say 1660, in terms with Dr. Hooke, to got a 
patent for hU invention of the spiral spring and its applicatkm to tbe 
balance of i^ watch, but not willing to fulfil their engagemeni with bni, 
en account of a yeiy unreasonable clause which they wished to hvro 
inserted in Ilooke's patent, with ^^ch he very indignantly reAued to 
comply. The clause was, '* That t/*afler I had diacovered my inventiooB 
about the finding the longitude by watches, or otherwise (though b 
tliemselves sufficient,) they, or any other person should find a way of in- 
fdroving my principles, he or they should have the benefit thereof^ dor- 
pg the time of the patent, and not I !" 

After having broken off from him, by the letters, they appear to htfe 
hM A desire to have a share in this business with Huy^ens. Indeed 
the principal subject in the letters seems to be, whose name, or 
whoae joint names, should be inserted in a patent proposed to be tskon 
out in IJolland, France, Spain, Sweden, and Denmark, what (b0 
fB|9unt of the share should be to Huyghen, and what to thenu 

The Eart of Kincardine, by a letter of his to Huyghens, appean 
have had a watch on trial to ascertain longitude at sea, which 
by a ball and socket from the undei-sidc of the ship's deck, first trieil 
in 1662 ; afterwards, being at the Hague, where he had occasiooBly 
been several times on this business, there seems to have been some 
baiea between him and Huyghens, as to which of their watches had 
most likely means of doing the best ; and also explaining some 
derstanding about terms, said to have formerly passed between tfaen* 
regarding a patent intended to be taken out. About this time, it ap^ 
pears, by these letters, that several watch-makers had set to make op 
fcnd^le waichesj to ascertain the longitude at sea ; among them, 9* 
Mr. East is mentioned to have put two springs to turn a pinion i^ 
his w^itch ; but in what manner, or far what purpose^ it tf no^ 
mmiionedL Wc shall take the liberty to notice, by way of an 
dote, that East was a watch-maker in Pall Mall, London, 
there was a Tennis Court kept, which Charles the Second, 
Prince of Wales, resorted to, and his stake frequently was an Ed^ 
wardus East, as his Royal Highness called it, that is, a waiek ^ 
EaiStj's making. From pendulum watches, the spiral or bakace-' 
spring has improperly got the name of the pendulum spring, idHctn- 
should ratl^r be applied to the suspension spring of a clock p^D^ 
dulum. 

On nothing does a chronometer depend so much, as the good (f^^ 
Kty of the pendulum spring. Great, as the potcer of the rudder it ^ 
cmUroUing and regulating the motions of a ship, it is not more «3fc- 
traordinary than that of this spring in regulating the motions rf * 
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clknmometer, and we may be alhtoed io say, thai it possesses some" 
ihng tike kmsibie propaiies. It may be set so as to make the 
■nacfaine go fast or slow, in any position required, while neither its 
length, nor the weight of the balance, are in any way altered. Le 
R07 thought that he had made a great discovery, and it must be grant- 
ed to be one, when he found '* that there is in eveiy spring of a suffi- 
cient eactent, a certain length where all the vibrations, long or short, 
great or small, are isochronous ; that this length being found, if you 
ahortan the spring, the great vibrations will be quicker than the small 
ones; if^ on the contrary, it is lengthened, the small aros will be 
performed in less time than the great ones." 

Notwithstanding this condition of sufficient extent^ the isochronous 
property will remain no longer than while the form of the spring is 
preserved as it originally was. Should the coils be more compres- 
ned or taken in, the long vibrations will now be slower than the short 
ones ; and, on the contrary, if they are more let out or extended, 
the long vibrations will be faster than the short ones. A more ge- 
asnl principle for obtaining the quality of isochronism may be ap- 
plied, by making the spring act proportionally, in arithmetical prb^ 
gKision, according to its tension. Every five degrees of tension 
riMNiM make an equilibrium, with a given force or weight, of ten 
ffODs; suppose, that is, 5, 10, 16, 20, &c. degrees of tension, should 
k bahncod by 10, 20, 30, 40, &c. grains. To tiy small springs 
If dus process, would require a very nice and delicate instrutnent. 
The circumstances of the properties of the spring, which have just 
■Mr been mentioned, were well known to Hooke. In order to ob- 
Wl these properties in pendulum springs for his time-keepers, Ber- 
Ikoud made them thicker, gradually, from the outer to the inner 
ni; our old English way is the reverse of this. Whatever may 
be the form of the springs, whether flat or cylindrical, the best and 
QMMl direct way is to try them in the time-keeper itself, by taking 
fiir hours going with Ae greatest force the main-spring can give, 
uri then four hours with the least. It is of consequence to !mve 
these springs hard or well tempered. 

* M . Frederick Houriet of Locle, an artist equally prtuse-worthy, 
vrier the double view of instruction and of morality, is the first who 
■nd spherical balance springs; he has proved, in a memorial given 
k to the Institute of France, 9th of March, 1818, that this» form 
frea the most perfect isochronism, if made with pendulum spring- 
irire, of equal dimensions, through the whole of its length, and con- 
sequently, the easier to execute a balance-spring of it." See Manuet 
CkranomHriquf^ p. 90, by Antide Janvier, Paris, 1821. 
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We apprehend, that the sphere must have a spiral flat-bottomoc] 
groove cut round it, otherwise the wire cannot be regularly apfkUeci 
on it Our cylipdrical helical springs have done so well hitherto, 
that very few of our chronometer-makers, ^e suspect, wiU be induo- 
ed to try spherical springs. M. Hourietmade aveiy ingenious sort 
of tool, for trying the isochronism of balance-springs. No copy of it 
has hitherto been made ; the only one to be seen^ is th^ originaU 
in the hands of M. M. Breguet By tapering a spiral spring in- 
wards properly^ when it is wanted to be a flat helix, it oug)it to 
have the same effect as the cylindrical helix, made of pendulum spiin^ 
wire, of an uniform breadth and thickness; but there is an uncer- 
tainty in the operation of tapering the wire ; whereas, in thecyliDdrical 
helix, thus made, isochronism is likely to be more readily obtained^ 
as e]q>erience hitherto has shown to be the case. 

Those engaged in making and timing of chronometers, must see 
many curious and interesting effects of the pendulum spring. For 
those, however, who may hot have had an opportunity in that nay* 
we shall give two examples. A pocket-chronometer (by one of tbe 
earUest and most eminent masters,) was found to go three miiwles 
slow in 24 hours, when hanging, and when laying, kept near U> 
time. The 'scapement had rather too much drop for the tooth oo 
the pallet, which being set a little forward, to lessen the drop, it «•* 
now found to go three minutes slow in 24 hours, whether hanginf 
or laying ; so that, in the moan time, screws being put home a little, 
the chronometer was brought to time, equally hanging or laying. 

Another pocket-chronometer, made by a very capital artist, waia 
found to lose five seconds in 12 hours in the hanging position, and 
to gain two seconds and a half in the same time when lying: it oc- 
curred to our mind, that the pendulum spring must be rather too 
short as otherwise, seeing that the long vibrations were the quickeit- 
The face of ihe pallet was set a little back, so as the extent of the 
vibrations might be lessened : this had the desired effect ; for in 1^ 
hours hanging) it lost only half a second, and in the same time, lay 
ing, gained one second. 

Let those who are curious for research in this subject, see Hook^^ 
Lectures, De Potentia Restiiutiva, or of Spring. — Eclaircissmen^ 
sur rinvention, la Theorie, la Construction, et les fipreuves, fc^ 
Et de Reponse ^ un Ecrit qui a pour titre: Precis des Reck^^ 
ches faiUs «* Frcmce pour la determination des Longitudes en M^^ 
par la Misure JtrtificieUe du Temps. Nicholson's Philosophk^*' 
Journal, vol. XIV. September, 1806. 
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CHAPTER XI. 

the JeweUing of Pivot holes in WtUches^ Chronomeiers^ and Clocks* 

ROM the art of Jewelling the pivot holes, our chronometers may 
said to have acquired a durability and character, which they 
Id not otherwise have obtained. It must not be imagined, 

there is any time-keeping principle or improvement in a jewel- 
bole more than in a brass one; and, notwithstanding what has 
1 said in favor of the last, few will be hardy enough to run the 
ird of having the balance and balance-wheel pivots to run in brass 
iS,. especially where the machine is destined to be either a pocket 
ox-chronometer. It is very well known, that in a common verge 
ch, where the balance holes are jewelled, its motion will be kept 
or a longer time than when it runs in brass holes. The fnction 
he balance holes cannot be supposed to be less than at those of 

fusee ; for, in the time of one fourth of a turn of the fusee, the 
UDce must make more than what is equivalent to 9000 revolutions, 
dioud regretted much that he had not an opportunity of getting 
pivot holes of his time-keepers jewelled ; yet, from that versati- 

of genius which he possessed, he supplied admirably the want 
his, in such a manner that very few could have equalled or at- 
ed. Some of the balances in his time-keepers were made to 
B six vibrations in a second, while others gave only one. His 
ober eight made one vibration in a second, and was the one which 
« the best performance of all those which he had constructed. It 
IB8 to have been a wonderful discovery, that jewelled holes wore 
m the pivots, and thickened the oil, afler they had been used for 
nxds of an hundred years. How came this not to have been 
ner observed, when so many were engaged in making chronome- 
ii and that too in considerable numbers? That pivots, from' a 
nth of time, even with good oil, and with greater probability from 
1 oil, may have got, as it were, glued in their holes, there is little 
iioo to doubt ; but this never arose from particles wearing away 
ID either the steel or the stone, by the friction of the pivot Let 
7 one try to whet a graver, which requires some degree of force^ 

I polished Scotch pebble, for instance, and they will find, that no 
tttion whatever will make the graver bite the stone, or the stone 
Bgnver: for where any effect of this kind takes place, it must be 

♦ Sec page 179. 
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nearly mutual. The hardness of the Scotch pebhle is well known 
to be much inferior to that of either the ruby or the sapphire. After 
being exposed to the air for a considerable time, oil gets viscid ud 
thick, which arises, as has been observed by chemists, from the ab» 
sorbing or attracting of oxygen. We suspect, that oil, from Ihii 
cause alone^ may become more glutinous at a jewelled hole Aaa at 
a brass one. By its application to brass, it soon acquires a bhurih 
green tinge, as if something acted on it This is owing to the mM 
becoming oxidated by the joint action of the oil and air. The oiidB 
thus formed, combines widi the oil, and forms a metallic soap, utidi 
is much less tenacious than that formed at a jeweUed hole. 1j 
the continuation of this process, the hole in brass becomes wider, and 
the oil disappears, leaving the pivot and hole in a greater or \m 
degree wasted ; and, instead of the oil, we have the metalEc soapi 
which has hitherto been considered as rust To be convinced, hot* 
ever, that this is not the case, we need only attempt to wipe h off 
from the pivot, from which it easily parts, and which it would not do 
were it really rust Oil, however, can have no action on die jewel- 
led hole, and any change that is effected by the oil must be coofiMd 
to the steel pivot, on which its action is so exceedingly slow, flat a 
great length of time must elapse before the oil is decomposed aod 
disappears ; and hcnco what is called rust in a brass hole, is seUkm 
or never met with in a jewelled hole. If a little Florence oil is pat 
into a small phial, for about two tenths of an inch deep, and remaio 
for a few years, it will become exceedingly viscid and glutinous, and 
will be intermixed with parts tinged with red of various shades. The 
same appearance is sometimes seen at jewelled pivot holes, and bas 
been erroneously supposed to be produced by the operation of the 
pivot on the hole. It is singular that oil will act more fordbly on 
fine brass than on the common sort, or even on copper ; a metaSe 
soe^, somewhat resembling verdigrease, will soon show itself oo tbe 
former, while the latter will have no appearance of being injorei 
But we are not to infer from this, that copper holes would be prefis^ 
able to those made in fine brass ; for although the oil in this case 
would be more durable, from its acting more slowly on copper than oo 
brass, yet the increase of friction from die copper, would more thn 
counterbalance this advantage. It can hardly have escaped tfie ayai 
even of the most indifferent observer, that oil acts more readfly and 
forcibly on new ftxan on old work. On the former, it will frequentif 
show itself in the course of 24 hours. Oil varies so much in its qoi- 
lity, that some will become so thick and viscid, in the course of a fe^ 
months, as to stop the machine altogether. This has occurred in die 
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Bzpenence of a very celebrated artist, who informs us that ^ his re- 
gulator, which has been found to go to a greater degree of accuracy, 
^umgk not to a second in tteo months^ as has been said of others^ 
ten even that of Verona, as observed by the Astronomer Cagnoli, or 
that at Manheim, as observed by Mayer, was found to perform veiy 
indiifeiently, after being cleaned, and at the end of three or four 
monte stopped altogether, which arose from the application of bad 
oiL'' We are of opinion, that where the pivots are small, and the re- 
rohition of the wheel quick, jewelled pivot holes are the best. It 
will not be an easy matter to do without oil or jewelled holes, parti- 
cularly in pocket or box-chronometers, although astronomical clocks 
or regulators may be so constructed as not to require either, provided 
llie expense for doing so is not spared. 

OIL FOR WATCHES AND CLOCKS. 

Being of essential advantage to have good oil, we shall give several 
SDethods of preparing it 

A Receipt to Deprive Oil of its Acid. 
To four ounces of the best spermace ti oiU add four grains of Kali 
aeraiwn^* in five ounces of distilled water, shake them well for a day 
or two, then pour the whole into a tumbler, covered by another, and 
when exposed to the light for three or four weeks, the pure oil will float 
on the top, to be skimme4 off by a tea-spoon. This oil, it is said, nei- 
ther dries nor turns green. 

Oil may be prepared in the following manner : 
Put a quantity of the best olive oil into n phial, with two or three 
times as much water, so as the phial may be about half full. Shiedke 
the phial briskly for a little time, turn the cork downwards and let 
moat of the water flow out between the side of the cork and the neck 
of the phial. Thus the oil must be washed five or six times. After 
die last quantity of water has been drawn oflT, what remains is a mix- 
ture of water, oil, and mucilage. To separate these from each other,^ 
pat the phial into hot water for three or four minutes, and most 
part of the water wiD fall to the bottom, which must be drawn off as 
before. The oil must then be poured into a smaller phial, which be- 
ing nearly full, must be well corked, set in a cool place, and suffered 

* Kali nratum, R. Kali preparati oz. « t. Aqii. distiliatie dr. v. Ammoai. prepara* 

im dr. j. Dissolvo the Kali in a water bath ; add the ammonia, and wheo the o^ 

fenreacence has ceased, let tlie fluid chrystallizo. Two drams arc given as a lithon- 

iriptic, in a pint uf distilled water, twice a^day at St. Bartholomew's HospitaL 

(Phamiacopma Chinirg.) From Cooper's Dictionary of Practical Surgery. 
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to stand for three or four months, or until die water shall haiB 

edt with the mucilage above it, and the oil perfectly tnusparant, 

ming on the top of the mucilage. When time has thus 

the operation, the pure oil must be poured off into smaller phials, 

kept in a cool place, well corked, to preserve it from the air. TUs^ \at^2 

Mr. E. Walker, of Lynn, dated 13th Nov. 1810. (See NKhoboft^^ 

PhiL Jowm.) 

The fat or oil which is lefl in the pan afler making calves-feet ySkjr^ 
if taken and put into a jug or bowl, and allowed to remain for sons 
months, what swims on the sur&ce may be skimmed off, put into ^ 
small phifl, and kept there for soifie time : this will be found to be « 
very fine kind of oil, at least it has the appearance of being so. JL 
French chemist, of the name of Jodin, prepares an oil, adapted for tb0 
use of watch-makers ; it resists the cold to a considerable degree, but 
in time will become green at pivot holes, like most other oils. Olive 
freezes at 38^ or 36<^ of Fahrenheit's thermometer, but if put into 
open glass phial, and exposed to the sun-shine for a little while, it wiD 
not be apt to freeze till the thermometer is down to 21^. *^ As the 
amount of friction, even in the best clocks, in a great measure depeods 
upon the oil, with which the various parts are lubricated, the foDow- 
ing information may be considered of some importance. Colonel Beau- 
foy states, that olive oil may be freed from its mucilage, merely by ex- 
posure to the rays of the sun for one or two years. " 

*' Chevereul, an eminent French chemist, recommends another pro- 
cess for the same purpose. To effect this, he mixes seven parts of al- 
cohol with one of oil, which must be heated in a flask almost to boiling ; 
the lighter fluid is then decanted, and, on being suffered to cool, a little 
portion of fatty matter separates, which is to be removed. The al- 
coholic solution must be evaporated to one-fiflh of its bulk, and the faiA 
part of the oil will bo deposited colourless, tasteless, and free fioD^ 
smell." This oil seems much like what was called Arabian oil* 
lately (April 1826) exhibited in Edinburgh. The printed description 
given with it, gave neither name of an inventor, or any place of abode* 
a circumstance somewhat extraordinary, and unless a great quantiy 
of it was to be taken, none could be purchased. 

Of old, watch-makers were taught not to allow the smaU {diid* 
which contained the olive oil, to stand even in the light, far less to b^ 
exposed to the rays of the sun, because this deprived it of its yellow 
color, which was considered to be a quahty of the goodness of the 
oil. And now, the modems, by depriving it of that color, say they vor 
prove it 

Oil extracted from poppy seeds, and properly prepared, wiD remain 
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uncoDgealed at a very low temperature. Almond, walnut, and ha- 
lelriiiit qQ, if freed from the mucilage, with which these oils are 
inqaaidy intermixed, may be tried for watches. It was formerly an 
object of inquiry, to know when a jar of Florence oil was in a frozen 
Me, which sometimes took place in severe winters, — a portion of it 
— MJmng unfrozen was taken out for the use of watch-makers. 

We are informed that M. Frederick Schmidt, of Stutgard, has dis- 
eovsred an oil for chronometers, &c. which will not freeze at minus 
17 of Fahrenheit's thermometer; does not dry at X 21 2, and boils at 
612; it is not affected by cold at upwards of 50 degrees below the 
fieoing point M. S. is of opinion, in which he is confirmed by 
eqierinieiits, that this oil will not be affected under the Poles. 

Hie process of pouring the water off between the cork and neck 
of the phial, was found to have something in it awkward and clumsy ; 
IV therefore got a large phial of about 17 or 16 inches deep, two 
■dm widCf made with a glass stopper at top, and another at the side 
lad ck»e on the bottom, to let the water out, which ansH-ercd die 
pvpose extremely well. Also a few long sort of phials, with ground 
l^i stoppers to each. The tall phial and its stop-cock was found 
^ convenient in the process of washing with water, and letting 
tts water out occasionally, to give room for more fresh and clean wa- 
te Oil thus prepared, and afterwards carefully managed, will pei^ 
hpi be found to be as good as can in any other way be obtained ; 
■ome of it we prepared in this way, and applied to the pivots and 
boki of the clock in the Royal Observatory, Edinburgh. This clock 
^*it tdien down to be cleaned about the beginning of tho year 1825, 
^Av having gone nearly twelve years ; the pivot holes had a little 
gneniih and thick oil on them, but in the reservoirs, it was in some 
dipee tolerably fresh and yellow. It is singular that the washing 
^aot deprive it of its yellow color. 

-^H to preserve the Oil^ by Making such Reservoirs^ as to allow the 
greatest quantity to be put to the Pivots and Holes. 

To have the pivot holes, so as to preserve the oil for the greatest 

'^ngfti of time, with the greatest quantity possible, the following is 

^W shouki be done, if a little more expense can be allowed : For 

^''Qfee holes, where the pivot^nds do not go beyond the surface of 

^ plates, fit, into a drill stock, a drill made so as to form some- 

^"^iilg like a drop of fat, when dropt on a table, or such Uke sur- 

^^ making the diameter of the artificial drop to be made by the 

^^^ near to four-tenths of an inch or ho ; in a thick piece of plate brass, 

^^^4e a round hole to receive the drill : the piece of brass must be 

36 
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fixed outside on the frame pktee, «o as the {M¥ot hole ahall be » 

centre of the round hole, in order to guide the driU* wUA 

be ollowedto cot noftrther down in the plate, than banlj to- 

to the mnAce, iriuch ahouU be Idl to remain, partJcnhriy at An -^ ftf* 

vothole. A kindof coUeimig^be put onthedriD to pmentiti 

sinking too deep. The drill has the cutting part ooncave 

at D, Plate T. ; the inside of die pivot holes may be cfaamfaed •> 

way by a tod, whose point should be a little on die obtase 

pieces of bard steel must be screwed on* outaide of the pklsi^-s 

as to cover fully die sinks made by die concave diill, and 

pieces of steel, the phrot ends should occasionally bear ; the 

of the pivotB shouM be turned neaily away, leaving a aoit of 

their place ; and near to the shoulder, or tap end of (be 

the point of a veiy nicegmver, make a slight notch. 

! The shape of a drop of 6t (goidU da mmf) at Uie top of*] 
hole, was a thou^ or contnvanoe of that ceMbrated artist* the< 
Julian Le Boy, and a most beautiful idea it was: (It is to he; 
ted that it was not adqited in a dock, otherwise very nioely gojif^ 
and for public purposes.) Between the hard sted pieces and 
of the dome, finmed by the ccmcave drill, there should he n 
degree of space ; if they are too close, the dl will spread too 
over them, and, if at a proper distance, the oil will be attraflfted to a 
point connected with the pivot ends, gradually draining the 
t(t supply the waste at the pivot holes. 




t 



CHAPTEB XII. 

Oh the various sorts of Machinery far going in time of 

TiiE earliest machinery for going in time of winding, i$ 
ami rived by Huyghens^ described page 138, is the sim|dest 
the best that has yet been produced, although upon the whole 
may not be so convenient in its application. In the old thirty-ho^^'^ 
clocks, the first wheel of the going part had on its arbor a fixed j 
ged pulley A, (See Plate lY. No. 22). On the arbor of the first 
of the striking part was a movable jagged pulley H, with dkk 
ratchet to it. Over these, and through or under the pullejra. of 
counter weight p, and main weight P, went an endless cord, 
either of silk or cotton. Both parts of the dock were cairied on by 
single or main weight, and when winding it up, this was done by 
striking pulley ; by which means the weight acted constandy on 
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pnDg pert. This is a method which we adopted in some common re- 
guhtorsy and afterwards foOnd it was the same that Berthoud had 
vaed in some of his. The movable and winding up pulley with its 
ntdiet, turned on a stud, having a click and spring, which were fix- 
ed to one of the plates, as was also the stud. The other pulley was 
on Ae arbor of the first wheel, and fixed* to it. The only inconveni- 
ence and objection to this contrivance, particularly in eight-day clocks, 
arises from the wearing of the cord on the jagged parts of the puUejrs, 
whidi produce a great deal of dust, and makes the clock get sooner 
dirty tfaam it would do, if this was effected in a different way. In 
docks which go a month, or six months, as some of Berthoud's did, 
this wiU be very much obviated, particularly with n fine and well wo- 
ven silk cord. 

There is a very ancient wuy of going whik; winding, which was 
long Implied to the fusees in clocks and watches. On the inside of 
the great wheel is another wheel, whose teeth are cut to look inward 
to die centre, upon which acts a pinion of six, which runs in the bot- 
tom of the fusee, and is turned round with it. The fusee arbor is 
free within both the great wheel and the fusee ; upon it is fixed the 
fittee ratchet, and a wheel with about half the number of teeth of 
^'ftose in the inward toothed wheel. It is evident, that if the fusee 
vbor is turned round, the wheel fixed on it, which acts also on the 
pinioD of six, will by this make the pinion turn ; and this again, act- 
ing on the inside wheel teeth, will apply as much force to it as the 
^uaee requires in setting up. When wound up, the click in the great 
^■^heel, as in the ordinary way, stops the fusee by the ratchet from 
'doming back. This method takes six times longer of winding up 
^^^9a by the common way ; and the great strain which is laid on the 
PUiioQ and inside wheel teeth, soon destroys them. With a little 
^"kxe apparatus, a fusee of this kind can be made to wind up which- 
. ^Ver way the arbor is turned ; hence it got the name of the drunken 
yiiaee. (See particulars of it in ThioiiU Vol. 11. p. 333, and Plate 
^XXVIIL Fig. 14.; 

A going in time of winding, of later application to clocks and re- 
SUiatorB, consisted of an arbor within the frame, on which was a pin, 
%Dd an arm inside with a nib and a deer's-foot joint ; another arm on 
ttle outside, when pulled down, served to make the jointed nib rise 
^iod pass the third wheel teeth ; a spring, acting on the pin, brought 
Uie nib in a contrary direction, to act on the third wheel teeth, by 
^faich it gave motion to the swing-wheel during the time of winding, 
^Uid continued to do so until getting clear of the teeth. 

The general method which is now adopted, both in clocks and 
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chronometers, conaiBUi of an auxiliuy Bpring, ratchet, and delanU 
clocks, two firings are sometiinea uaed ; being doubled wwd, 
screwed bf one end to tbe back of the auziliarf lateheti ikm 
end is made to aqi against the aims or cr osees of the gnal 
On the opporiteside is the dick, wbkk acts with the 
and when die fiMrce of the wp|^ is takenoff by winding np^ te 
of the spriiigp acts on the great wheel, not beings aBewed to 
theauxilbiyiatchetforwaid which they would do; but diia in 
ed by tbe detent, consisting of an aibor whose pifota run n the 
and an arm aetiqg ageiost die face of the small teedi in the 
ratchet. 

When this method is applied to a dock o^ watch fi isee, thaw ia a 
cular and flat sted spring, screwed or made ftstby oneendtolhei 
of the great whed, mdie other end,is a small hole, opposite to 
is made a short and circular slit in the great wheeL Apinin the 
ry ratchet is pkced so as to conespond to the holein tbe 
slit in the great whed, throu^ both of which it comes; the 
range for the bending up of the spring. When thnftneof the 
spring does not act on the Aisee, which is taken off when 
the auxiliary ratchet, and detent, which .has a a slender apri^g 
it to its place, serve tbe same end as has been described fisr die 

The mechanism of this going in time of winding, was first 
by Harrison, in his time-keeper, when explaining its princifdes to 
commissioners who were appointed to receive them. It has been 
that he took the idea of it from having seen an analogous 
in an old kitchen jack^ where it had been applied to keep the 
turning while the jack was winding up. There has been a grttd dml tf 
ingenuity displayed eveninjack'-making. Itiasmguhr^ ibtsieer, 
it was never thoughl of the applying vane$ or toings to ike fy^ 
coiUd haoe been «el, so^ as to regulate the velocity accordit%g Is 
greater or UtB weight wUh tokich the epit maiy be loaded; bmt 
as the setlit^ of theee winga would 6e, it nUght not be eo 
prevail upon the cook to take the trouble of either underwiamlimg 
using them. J%e water^ack^ which has been known m tkii 
for more than eeventy years^ i$ very convenient in this reepeeU m$ i 
is easy tomake the discharge of water at the cock to run yUi, An^ 
quarter^ on the email kind of mill^heel which drivei the whoU (^ 
machinery belonging to it. 

A great many years ago, we contrived an easy way of making a 
in time of winding for a clock, to severd of which it was applied. The 
third wheel has a socket (vfith a email shoulder) niedy fitted to it. 
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tlie bole b^ing soundly and smoothly broached. That part of the 
Uiibd wheel pinion arbor which works in the socket, must also be care- 
fully tumedy and made as smooth as any pivot, so as to be free, easy, 
and without shake. The end of the socket, which is not in the 
lichee], should be smooth and flat ; its diameter outside, about three 
tenths of an inch, and to apply to a flat smooth steel shoulder formed on 
the pinion arbor. On the side of the wheel opposite that on which the 
socket shoulder is placed, let there be fixed a small steel pin, distant 
from the centre about three tenths of an inch, the height of it being 
about one tenth. Make a piece of brass so as to have a fine small 
ratchet wheel on it, of about four tenths of an inch in diameter, with 
a sort of hoop or contrate wheel rim on one side of it, three tenths 
and a half in diameter inside, the thickness being a little more than 
that of an ordinary contrate wheel of a watch, and the depth one 
twentieth of an inch. The ratchet-wheel and hoop have a socket 
common to both, which is twisted on the third wheel-pinion aibor, 
tbm socket, on that side of the hoop inside, is the smallest matter 
lower than the edge of the hoop. On this part of the socket is fixed 
the imier end of a small and weak spiral spring, of two or three turns, 
tiie outer end having fixed to it a small stud, with a hole in it, that 
goes over the steel-pin of the third wheel, which works in a short 
circiilar opening in the ratchet-wheel or bottom of the hoop, of a suf- 
ficient range for the spiral-spring to keep the clock going during the 
^une of winding up. The detent for the ratchet has one of the pivots 
of i|g aibor in the back frame-plate ; the other runs in a small cock 
attached to the inside of this frame-plate, and Sufficiently clear of the 
^Urd wheel on that side. The edge of the hoop, when the socket is 
^^ialed home, should allow the third wheel to have freedom during the 
^*ctioD of the spiral spring upon it. In applying this going in time of 
^^iQding apparatus to a clock, it will easily be seen in which way the small 
''^^cliet-teeth must be cut, and also in which way the spiral-spring must 
^^^m itselfl During the action of winding up, this allows the minute- 
'^^^Qd to make a retrograde motion ; but it resumes its place as soon as 
^ wei^ is at liberty. 

In the early part of the last century, a considerable intercourse was 
^^tied on between Holland and Port Seaton, by the ship-owners of 
^K^Batoopans, in East-Lothian. Among other imports, was old iron 
'^ hogsheads ; and many of the articles were little worse for being 
^'^^d, as, by an old Dutch law, no iron work was allowed to be 
f^P^bed. Among the things which came home, were some camp- 
*^ks, of a very ingenious construction, and evidently of German oii- 
S^ Two or three of them, one of which we have seen, are still in 
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that neighborhood. It was composed of the usual wheels and jm 
nions, endless screw, and a small fly rather weighty. The frame, 
mounted on an upright stand, was about four feet or more in heafjtA 
A thin and narrow iron bar, of four or five feet long, was mt* 
tached to the stand, and could be made to slide up and down on Ht 
nearly the whole four or five feet ; one edge of it was toothed Uke s 
straight rack, and worked into the pinion of the first wheel, by means 
of a weight hung on a hook at the lower end of the bar ; when the 
weight and bar came to the lowest point, it was easily moved up to 
the greatest height, when the jack \vns to be wound up. The pioioii 
had a hollow socket, and could turn freely round the arbor of the fir^ 
wheel ; on the lower end of the socket was a ratchet, which rested on 
the first wheel where the click and spring were placed to act with the 
ratchet, which, by the hollow socket, allowed the pinion to turn free- 
ly backward when winding up ; on the weight being allowed to act 
on the rack, all the wheels were made to turn the proper way, tod 
80 on. An idea occurred to us, that, in place of the rack moving, A 
machine might be made to go by its own weight, by means of a pimon 
turning down on the toothed edge of a fixed rack. A scheme shall 
be given for a box-chronometer of this construction, which supersedes 
the necessity of either fusee, barrel, spring, or chain. A contrivancje 
of a similar kind has lately been communicated to the Society of ArlB 
in Paris, by M. Isabelle, and is described in the BvUetin de la Sod^^ 
d? Encouragement^ No. 62. The same method, which has been knowr* 
for a considerable time, Js used at Liege, by Hubert Sarton, who make^ 
eight-day spring clocks V this plan. 

On the arbor of the first or great wheel, is fixed what may be call- 
ed the fusee-ratchet, working with the click and spring, which vr^ 
on the auxiliary or going-ratchet ; in the last is fixed a pin, vbicta 
comes through the end of the auxiliary spring, and the circular notclt 
in the great wheel, which is keyed on in the same way as in the case 
with a fusee; having also a detent and spring for the gdn^' 
ratchet, — the whole forming the great wheel, and the mechanism ft** 
going in time of winding. On the great-wheel arbor, close to ^ 
main-ratchet, let a small bevelled wheel be fixed, of any small nuio- 
ber of teeth, fully stronger than those in the great wheel, the back of 
the bevelled wheel lying against the main-ratchet Indeed, boA 
might be made from one and the same piece of brass. Supposing tbe 
diameter of the pillar-plate to be 2.25 inches, that of the great wheel 
would be 1.5 inch, and the number of the teeth 72 ; the bevelled 
wheel, being half an inch in diameter, would admit 24 teeth ; Bsi^ 
if made a little thicker than the great wheel* the teeth would be sof 
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fici€iitly strong. Another bevelled wheel of the same dimeter and 
number of teeth as the other, is fixed on a pinion arbor, (a hole 6e- 
mg made m the potence plaity to aUow the bevelled wheels to pitch 
iogdker,) which is placed within the frame in a horizontal direction, 
io that tine which passes through the centres of the great and second 
wheels ; one of the pivots runs in a cock inside of the potence-plate, 
and placed near to the great wheel arbor ; the other, which is a little 
beyond the pinion-head, runs in a cock fixed on the outside of the 
potence-plate. This pinion has sixteen leaves, of tho same strength 
aa the teeth of the bevelled wheels, and runs in with the edge of a 
toothed-rack ; eveiy revolution will be over the length of one inch 
on the rack, and equal to four hours, or one turn of the great wheel ; 
the second wheel-pinion being 18. The length of rack, supposed to 
be 8 inches, would allow the time of going to be equal to 32 hours, — 
8 inches, multiplied by 4, being equal to 32. Were the rack 12 
inches long, it would admit tho time of going to be 48 hours ; or the 
diuietOT of the pinion might be increased from .333 to .500 parts 
of an inch, and the time of going would then be somewhat more than 
30 hours. LfOt a slip of wood be made 15 inches Idng, five-eighths 
of an inch broad, and rather more than one-eighth thick ; on one side 
of this, and close to the edge, let another slip of the same dimensions, 
hut not quite so broad, be set on edge at a right angle to the side of 
^ other. This will form a pattern to have two such cast in brass 
^lomit; ailer being dressed up, one is left plain, the other so as to 
httve twelve inches of teeth made on one of the edges ; the plain one 

15 screwed to the inside of the case, and tl^^ther is screwed on to 
tte plain one, having the toothed-edge on the right-hand side of the 
pinion, so as to make the second wheel and pinion turn the proper 
^ay. To the ring or cap which incloses the movement of the chro- 
nometer, are attached three pieces of brass, kneed up at each end ; 
the distance from the ends is about two mches and a half, in which are 
lK>le8 made quite parallel to one another, and go on three steel rods, 

16 inches long, and two-tenths of an inch in diameter, fixed in the 
^Ofwer and upper ends of the case, and parallel to one another, and 
Hear to the dial of the chronometer. The case may be either of 
^ood or brass, having a door on one side, which serves the purpose 
of getting at the chronometer, either to observe the time, or to push 
A up after it is nearly run down. In the lower part of the cap, a re- 
^^98 may be made to receive any additional weight requisite to load 
^*^ chronometer with, in order to give greater extent of vibration to 
1*^^ balance ; the upper part of the case should, if necessary, be hung 
^ gimbals, and the lower end loaded with lead to keep it steady. 
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A chronometer might be easfly fitted up in this way to { 
daysv by giving more length of rack, a greater weight to the 
of the cap, more teeth to the bevelled * wheel, which is on tl 
zontal pinion arbor, fewer to that which is on the arbor of tt 
wheelf and the second wheel pinion to make more revolutions 
turn of the great wheeL Suppose the great wheel 80, the 
wheel pinion 16, one tuni will be equal to five hours ; the 1 
wheel, which is on it, being 16, wiD have a revolution also 
hours ; the bevelled wheel which turns it, having 24 teeth, w 
a revolution in seven hours and a half. The rack being 26.6 
long, the pinion of 16, making a revolution on it in seven ho 
a half, and 25.6 x 7.6 b 192, die number of hours in ei^ 
The length of the case, being thirty inches, could be no inc 
ence where ei^t days g<nng without winding is obtained, 
lar, and we think a preferable, construction might be ado[ 
having the chronometer fixed, and a weight hung to the loi 
of the rack, tofUch^ as in the case of a jack^ would keep up 1 
tion required for the chronometer. This plan, however, of 
able rack, would require a space for the rack to move in, f 
twice its length. 



CHAPTER XIII. 

On the Force of Jmnn-Springs in Box-Ckronometera and hi 

CcUcuUUe it, 

Box-CHRONOMETERs, or marine time-keepers, being sometime 
to go eight days, without requiring to be again wound up; 
order that these machines may run such a length of time, the 
force ought to be pretty strong; it becomes, therefore, a m 
some consideration, to obtain this force of such a quantity, ] 
be Uttle more than sufficiently adequate for the purpose, whic 
be obvious to every judicious mechanic ; any thing beyond thi 
rather hurtful as otherwise;* while, at the same time, the 
spring should, as nearly as possible, retain its force with the 

* This restriction applies more properly to dead beat or cylinder *8ca 
than to those of the detached kind, which are not in this respect quite 8< 
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^t degree of constancy and invariability. To have strength of main- 
>pnqgi it must be either broad or thick ; if broad, then the nibbing 
of the coils creates a great deal of friction, and the oil, on getting ^^ 
touNis, adds still a little more to the resistance of the spring when 
the coils are unbending. On the other hand, when the spring is 
thick, it requires a barrel of a greater diameter, which takes up more 
loom than could be wished ; besides, thick springs are more apt to 
break than thin ones. Very few are aware of the difficulties attend- 
ing the procuring of a good spring ; if they are hard, this exposes 
them continually to the risk of breaking ; if they are soft, they gra- 
dually relax, and in the end become good for nothing. Much de- 
pends on the part of the spring-maker, and no small degree of cart 
ftt re^titred by him^ to have steel of the best quality selected, also 
caiefiilly to hanuner, harden, and temper it, and lastly, in being very 
attentive when coiling or tuniing it up. To obviate as much as pos- 
aibk the objections which have been mentioned, Mudge and Ber- 
thotid adopted the mode of having a double barrel in one, and a 
apring put into each, with an arbor common to both ; by which means 
they obtained the force of a broad spring, without its concomitant 
defects, ft may be obscr\'ed, that neither of these celebrated artists 
thought of making, what Ihey did not approve of, a time-piece to 
go eight days ; and if the expedient of a double barrel was had 
recourse to, for the main-spring of a time-piece to go thirty hours 
only, it must be still more requisite, for that which is constructed to go 
ci^t days. 

The force of main-spring in a box-chronoi^ter, should depend on 
&e extent of the arcs of vibration which th^Calance must describe, 
^od however long or short these arcs may be, they ought neverthe- 
^caa to be performed in the same space of time. Now, on that ac- 
^sount, this force becomes limited, by the extent of those arcs that 
^>e fimnd to be isochronal. Therefore, to determine this force ci 
■nain-epring, make the chronometer go with different weights, mak- 
>>ig no use of a barrel, a main-«pring, or a fusee ; fit to the square ci 
Ule fusee arbor, a short cylinder of wood or brass, about two inches 
^ so in diameter, let one end of a fine piece of cord, or small gut, be 
fixed and wrapped three or four times round it, to the other 
^Qd, after being conducted over a small directing roller or pulley^ 
attach weights of different quantities, according as they may be found 
'Bquisite to make the balance describe arcs of unequal extent, in or- 
^ to come at those vibrations where the balance with the pendu- 
^^wn-spring are found to be most isochronal. Having obtained this 

36 
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potnt, mlfuhli* how tmidi'die'balaiios aai^ to wwghi 

chronoroefeer nwjbe at time; oonBequendyt dinnUi or 

weight of the bdanoe* leguhtiiig the ckenon ie tor whottf % 

weight, and mawoe of the balaDoev wiAout tondueg Ae 

i^pring. Keepng die ckonomaler atill goiogi ^ddmg to m. 

away from die going wei|^ die quantit^r aaquiBito to make 

knco describe die area, wfaeie it waa fiNmd, that* eren widi 

vibratioiia, diiej were iaochraaaL We have now Ae maaaaH 

motive foioe, and majfind iriiat die ftiee of Ae mahi ipriig 

lo be,8oaathatitmaf be made equal tote trial wei|^ Ta- 

mich trials aa thoae winch have, heeo meotioiiedf the fiamia jpfv 

chronooietflr moat be died m a horisontal poaition, to 

trived end adapted for dtts pupoae. Soppoae the anarant of AIeJ 

wei^t waa found to be eqnal to 80 Tmy ounoea, or IMOAj 

Troy, die tadhia of die abort ^finderv indiiding the 

die coid being one inch, and let the fuaee a4iaating tool be AtoJ|^# 

aiz inches: dien dieweig^ on die adguating tooli at a 

inches, will be five ounces, which is that recpiired tobe hi^ 

urn with thefiwoe of the main-^priqg« when adjuatiqg it wjlh/j^fj 

see, whoae semi-dianieter at bottom is one inch. A ^ 

now hd madeto accord as needy as may be widi die given fanob 

if required, this may be increased or diminished by altering a> 

the diameter of the fusee, or by such like means, till aueh 

as the spring draws the given weight on the adjusting tool, at 

fixed radius. A main-swing being made, it may be known if it 

the force required witlAt making use of either the fusee or 

in the frame. Fix th^arbor of the barrel in the ewe, and one 

of a cord fixed to the barrel, and wrapped three or four timea 

it, to the other end put on weights till such time as they are in 

librium with the barrel, the main-spring being bent up a torn, or ^ 

turn and a quarter. Assuming the semi-diameter of the bottoen ^ 

the fusee at seven and a half-tenths of an inch, by calculation, may ^ 

found, according to tl^ weights requiied to make equilihrinm 
the spring, what weight the adjusting tool will draw ona radhia of 
inches. For example, if a inning, when bent up a turn, 
brium with 48 ounces at the end of the cord, the radius or 
of the fusee bottom given, is seven and a half-tenths of an inch, 
the radius of the arm of the adjusting tool is six indhes, or 
tenths, what weig^ on it must the spring draw! Say, aa 60 
is to 7.5 tendis, the radius of the fusee, so is 48 ounces, die 
brium at die fusee, to 6 ounces that the adjusting tool oii|^ to 
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i imdiui of 6 inches. Having the weight that the adjusting tod 
vriD cany* we may thence find the smni-diameter of the fusee by the 
loBowing proportion : As 48 ounces is to 6 ounces, so is 60 tenths to 
T.6 tenths for the radius or semi-diameter of the fusee. Example 
^d. The diameter of a fusee being given, likewise the weight, wUcb 
on the adjusting tool ought to be in equilibrium with the main-spring. 
To find what this force ought to be at the circumference of the bar- 
rel. If the spring draws 6 ounces on the ac^usting tool, with a ra- 
dios of six mches, and the diameter of the fusee at bottom is one 
indi and a half, equal to seven and a half-tenths of radius. To find 
thie force of the spring on the circumference of the barrel, make the 
following proportion: As seven and a half-tenths is to sixty tenths, 
so is six ounces to forty-eight ounces, the force exerted at the cir- 
cumference of the barrel, or what it is at the bottom of the fusee. 

By following such a process as this, as was done by Berthoud, 
much time might be saved, and the ends required will be obtained 
with a greater degree of certainty and accuracy than could otherwise 
be acquired. 

When the chronometer is at last completely finished, cleaned out, 
waai put together, it may be satisfactory to put it again under trial: 
but, when fixed to the stand, the conducting pulley, the cord, and 
wieij^ attached to the end of it, must now be put in an opposite di- 
lection, so as to oppose at pleasure the force of the main-spring with 
•ny quantity of weight, when trying and comparing the short vibra- 
tioDB of the balance with those of the long ones given by the natural 
feice of the main-spring. We ought to mi^ use of such methods 
9m are simple and certain, without taking the trouble of putting the 
hanel and fusee into the frame, in order to guess at the force of the 
spring and diameter of the fusee, and we could then direct the 
■piing-maker to produce springs which should have at once the force 
iBquhed, by giving him the weight, which being attached to a cord 
Wiqpped round the barrel, and fixed to its circumference, U should be 
in equilibrium vi^en bent up one turn. Take, as a third Example: 
Hm force of a spring being given at the circumference of the barrel, 
vnd the diameter of the fusee being also given, to find how much 
Qlis spring will draw on a radius of six inches, in order to estimate 
•omewfaat neariy from thes^ data the weight and diameter of the ba- 
knoe. What is given may serve from practice by comparison, to 
find the weight and diameter of a balance, but it is too limited to be 
Beaeral. There are many other circumstances to be taken into con- 
sideration, such as the number of vibrations in a minute, &c. &c 
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Suppose a spring, set up half a turn, makes equilibrium with foitf 
ounces at the circumference of the barrel, and the fusee is one 
in diameter at the bottom, or the radius is equal to half an ii 
We may find the weight it will draw, by the following proportian : 
tenths, tenths, oz. oz. . . oz. dwt. gr. 

60 : 6 : : 40 : 3.33, which is equal to 3 6 16, or 1600 giain 

Troy. To find readily and surely the shape of a fusee and its dia- 
meter, a trial fusee must be used. If the trial fusee is one indi is 
diameter, and draws ten ounces, for example. In order that tk 
fiiBee required may draw eight ounces, making the following proporticNii 

OS. tenths. oz. tenths. 

10 : 10 : : 8 : 8. The fusee required must be 8 tenths of an ind 

in diameter. If a spring must draw twelve ounces, and the 

oz. oz. tenths, tenths. 

fusee draws ten. 10 : 12 : : 10 : 12 The diameter of the 

must be twelve-tenths of an inch, that is, one inch and two-tenths ^ 

an inch. 



CHAPTER XIV. 

On the Dividing and Cutting Engine, and on (he Methods of Droiiif^^ 
Circles into various lumbers for the plaies of Dividing and Whe^^' 
Cutting Engines. 

Among the inventions in the Art of Horology, produced in thi^ 
country, may be mentioned that of the wheel-dividing and cutthi^ 
engines, which are said to have been invented by Dr. Hooke. I0 
the preface to the fourth edition of Derham*8 Artificial Clock'-^aiakerf 
he remarks, that ** the invention of cutting engines, (which voi 
Dr. Hookers) fusee " engines, and others, were never thought of tiB 
towards the end of King Charles the Second's reign." It is wd 
known that he contrived and used an endless screw and wheel for Ac 
purpose of dividing astronomical instruments, in 1664. The wheel- 
cutting engine was contrived by him in 1666. Sully carried over 
to Paris wheel-cutting engines, of British manufacture, wbicb 
were much admired there, not only for their beauty and fanci- 
M execution, but also for their utility. The French artists, how- 
ever, unwillingly admit our claim to this invention ; and, could they 
have brought forward documents to the contrary, it would most res- 



CUTTING ENOINi: AND DIVIDING CIRCLCS. ^85 

ly have been done. They maintain, that it could not have been in- 
inted and improved at the same time by any one man, an opinion in 
hnch we must agree with them. 

A wheel-cutting engine, and one which could divide almost any 
unber, by means of an endless screw and Toothed wheel, was made 
«iit 70 years ago, by Hindley of York, which came afterwards in- 

the possession of Mr. Smeaton, from whom we purchased it in 
9 year 1786. As Hindley knew what had been done in this wbj 

Dr. Hooke, this seems to have been made in imitation of his, 
th some additions and improvements, as it is evidently not copied 
Mn that which is described in Thiout's work. Vol. I. p. 63, Plate 
Kin. Fig. 1, said to have been invented by M. P. Fardoil, watch- 
iker at Paris. Ramsden's dividing engine, for which he got a con- 
lenUe premium from the Board of Longitude, was executed on 
8 principle, the great merit of which consisted in having a more 
rfect screw than had hitherto been made. For a copious history 
Dividing £y>^'nef, and a full account of the engines invented by 
unsden and Troughton, see the article Graduation, Vol. X. 
962. of the Edinburgh Encyclopedia* 

About the years 1778, or 1780, Mr. Smeaton (see the Phi- 
opkieal Tranaaciions for 17S5,) gave into the Royal Society 
paper, describing a very simple and ingenious method of dividing, 
mrived by Hindley, who, providing himself with a narrow atrip 

ribbon of very thin plate-brass, about three yards long; into 
B he pierced four hundred holes, less or more, according to the 
bent of the greatest number he meant to Mve on the engine-di- 
Jiog plate ; the equality of distance between the holes was kept 
drilling, and opening them from two small holes in a hard piece 
atoel, shifting from one hole to the next, having a nice cylindrical 
id yia to put through the steel and brass as he went along. After 
> bdles were all drilled, and the strip of brass a little dressed up, 
got a block of wood chucked on to the mandrel of a stout turning 
he* turning the edge of the block down to that diameter, that the 
f> of brass, when wrapped tightly round it, should have the two 
kame holes to meet exactly, and form one hole, into which a pin 
1^ put, kept the ends together, and the whole fast to the wood, 
le fiice of the block being previously turned flat, and on it fixed 
' engine-plate, having a number of concentric circles traced upon 
to be severally divided. One end of a steel spring index was fixed 
the lathe, in the other was a nice conical pouit of steel, tempered, 



•pplM w MtaflBlw ftUr «d fiMlf >^ ^ Mm fa **«M|^)pi 
bnM|. taUig Ana stop hj itap, <!» dtrinana, » fotag dMiiMlniV 
mailud off OB the pkls. Tbo peatert mmlMr bi^ int W* {|i||(||, 
then bofim be' next lees could be laid oii| the strip of tnm ,'«■> 
taken oC end Ibe bloel^ tinned down, ao u to eDow tfaoholwrn 4» 
extrame «nda to meat fiir Aot number, end m> ob doww iA -ta ^ ^ 



J JUaALMl, dbwM^ Aow to DmkU Cirdu os (&« Jiwduy JUItf^jf 
Wtuel-CKUmg Aignu. '* 

lUi b a medwd wluch we Ime naedi end ftkquenlly prectiwd 
with moeh aatia&dion and xicCNii. Wh o al cnMing engines are 
made banig « few raa iaiii* mmbe r t on% laid dowL on the divtdog 
plain. Bnl riiould a nnmbv be wanted wUch it not on ihe engine- 
dividiDg platet tta fidkrwing diroctianfl will endris ai^' one to lay dowB 
OD it the mmdMr raqiiirad. Haring a acale of equal parts very taai) 
divided, and by iriDch wngy iimIi oan be aubdiTided inb> a thonsaml, t)», 
accompanied wiA a amall beam eon^aaa, or a pair of very tine spiini di- 
videni with aueh poinia •■ coold take from ttte acale Ae two ihousuiilili 
part of an iDcli, and with Qieae to opcttfo. Forexanqile: Tlie circle <te- 
eciSwd OD the cngbe plate, is aoppoaed to be tro in^as, and BL<c-teiiil»«'' 
aninchm di ame tor , andthenmAereleTenia i eqi iir adtobe laiddoinM 

tenthi. 
it. Then say, as 113 : 35fi : ; 36 : 81.68. The lost tenn is tbe 
numbo- of tenth parttf and decimal parts o( a tenth contiuDed In Ak 
circumference of the circle; this divided by eleven, the numbarli'l's 
laid on it, will give seven-tenths, and forty-two hundredths of ■ 
tenth, for the t^vening of the compasses to be taken from the scile "i 
equal ports, to make one eleventh part of the. ciick. If the eeale" 
accurate, and tbe measiuie of the parts accnmtely token, the cittl* 
will be found to be so well divided as to tnswet all the puipoMi 
wanted. Suppoae a wheel of 78 is wanted, and Aia number is nol 
on tbe plate, a citcle described m it is 5.76 inchea in diameter, vW 
opening should the compoaaes have, so as to take the seventy-tbiH 

tanthi. (cnih». 

partof the circumference 1 AsIlS : 3S6 : : 60.76 : 159.436. Divide 
this lost term by 7S, and the quotient will be 2.184 tettflw for !• 
opening of the compass oa. The rule is equally ^iplicable to •)■ 
or odd numbers. Bisection of even mmibers makes it a My 
easy matted to lay them down on any circle, without having raooona 
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» Ae rule just given. The greater part of an odd number may likewise 
e done bj bisection, as shown by Ferguson, in his Select Exercises^ p. 
819 from which the foUowing is extracted. 



n» Mde the Circumference of a Circle into any Given dumber of Parts^ 

toheiher Even or Odd. 

Ab there are very uncommon and odd numbers of teeth in some of 

lie idieels of astronomical clocks, and which consequently could not 

« eut by any common engine used by clock-makers for cutting the 

mnbeiB of teeth in their clock wheels, I thought proper to show 

to divide the circumference of a circle into any given odd or 

number of parts, so as that number may be laid upon the di- 

nSng plate of a cutting engine. There is no odd number but from 

lAkfa, if a certain number be subtracted, there will remain an even 

■■dnr« easy to be subdivided. Thus, supposing the given number 

tf equal diviaicms of a circle on the dividing plate to be 69, sub- 

tnet 9, and there will remain 60. Every circle is supposed to con- 

itkk 860 degrees ; thjerefore say, as the given number of parts in die 

orIb, which is 69, is to 360 degrees, so is 9 parts to the correspond- 

■B aie of the circle that will contain them ; which arc, by the Rule 

cf Three, will be found to be 46 i^. Therefore, by the line of chords 

QB i common scale, or rather on a sector, set off 46 f^ (or 46 VV) 

dqpses with your compasses in the periphery of the circle, and divide 

iit arc or portion of the circle into 9 equal parts, and the rest of 

tft circle into 60, and the whole of the circle wilt be divided into 

i9 equal parts, as was required. Again, suppose it were required to 

Mb the circumference of a circle into 83 equal parts, subtract 3^ 

iri 80 win remain. Then, as 83 parts are to 360 degrees, so, by 

At nh of proportion^ are 3 parts to 13 degrees, and one-hundredth 

fat of a degree ; which small fraction may be neglected. There-^ 

be, by the line of chords, and compasses, set off 13 degrees in the 

pKipheiy of the circle, and divide that portion or arc into 3 equal 

phtf and the rest into 80, and the thing wiU be done. The fol- 

bving 18 fiom the same work, p. 42, and may be useful to those en- 

Ptfii in large clock-work, or in mill-machinery. ^ Suppo^ig the 

iMnce between the centres of two wheels, one of which is to turn 

As odier, be given, that the number of teeth in one of these wheels 

m d U fer eut from the number of teeth in the other, and it is required 

to nnke the diameter of these wheels in such proportion'to one ano- 
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ther, as their number of teeth are, so that the teeth in both 
may be of equal size, and the spaces between them equals that 
of them may turn the other easily and freely : it is required to fbil 
their diameters. Here it is plain, that the distance between die 
centres of the wheels is equal to the sum of both their radii in tbe 
working parts of the teeth. Therefore, as the number of teeth in both 
wheels, taken together, is to the distance between their centres, tskeo in 
any kind of measure, as feet, inches, or parts of an inch, so is the number 
of teeth in either of the wheels to the radius or semi-diameter of that 
wheel, taken in the like measure, from the centre to the working part of 
any one of its teeth. Tims, suppose the two wheels must be of such 
sisses as to have the distance between their centres five inches ; thai 000 
wheel is to have 75 teeth, and the other to have 33, and that the sizes of 
the teeth in both wheels is equal, so that either of them may tum die 
other, the sum of the teeth in both wheels is 108 : Therefore say* •* 
108 is to five inches, so is 75 teeth to 3 l^JV inches ; and as 108 is to 
5 inches, so is 33 to 1 iVo* so that from the centre of the wheel of '76 
teeth, to the working part of any tooth in it, is 3 inches and 47 hundredth 
parts of an inch ; and from the centre of the wheel of 33 teeth, to tb^ 
working part of either of its teeth, is 1 inch and 53 hundredth parts of 0^ 
inch." 

Having the diameter of a wheel, which is proposed to be ^ut in^^ 
a given number of teeth, to find the thickness of a cutter suitablei ^^^ 

as to give the teeth and space in due proportion. For example: " 

A wheel of 4.8 inches in diameter is wanted to have 144 teeth c^^i 
on it; suppose the depth of the tcetli to be one-tenth of an web 9 
then the diameter of the wheel, taken at the bottom of the teeth aiaci 
spaces, will be 4.6 inches ; and it is intended to have the teeth aa^ 
spaces alike at the bottom, which will allow the teeth to be broader fro*** 
the bottom upwards. To find the circumference of a diameter of 4-^ 
inches, say, as 113 is to 365, so is 4.6 to its circumference, which, in thi* 
case, will be 14.4513 inches. Reduce this to thousand parts, and ^*® 
shall have 14451.3 to divide by 288, the number of teeth and spaces, ^ 
quotient will be 50.2 nearly, call it 50 thousandths of an inch, or half ^ 
tenth, which is the same thing, and tliis is what the thickness of the cu^ 

ought to be. 

By tt^ same sort of scale of equal parts, as used in the divisior^ 
circles, any given straight line may be divided into any required m^^ 
b^. For example: A given straight line is 5.5 inches long, am^ 
is proposed to divide it into ten equal parts 5.5-t-10=:5.5 tenths 
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XX inch. Suppose a given straight line is equal in length to 6048, 
rluch is 6 inches and .04S of an inch, or 48 thousand parts of an 
nch more, — it is required to have this line divided into 24 equal parts : 
i048-^24y the quotient will be .252 thousand parts of an inch, or some- 
rlnt more than 2.5 tenths of an inch. This is a much neater, and a 
oore accurate way than any proportional compasses can give, and is even 
easier in its operations ; the calculation or operation of divLdon may be 
oosidered as nothing. It is hardly possible, to bring the centre piece of 
kM proportional compasses accurately to its place at all times, admitting 
lie marks or places to be correctly put on ; besides, any repairs to the 
KMDts of the compasses will put all out of order. For these reasons, we 
ioosider proportional compasses to be of little use, however ingenious 
hey may appear to be. 

The Honorable the Commissioners of the Board of Longitude, some 
rears ago, deservedly awarded the sum of one hundred guineas to the 
eta Mr. James Allan, watchmaker, London, (an ingenious master in 
lie art of dividing mathematical and astronomical instruments,) for 
vliBt they conceived to be his superior method of dividing.* Mr. 
Uhn's method of cutting a very accurate screw for his dividing engine, 
ippears to be neat and simple. We arc, however, humbly of opinion, 
bat a screw cut by a good engine, having an inclined plane or edge, 
would Ekely be as perfect, if not more so, thau any that could be otherwise 
olitaioed. 

The engine mentioned at page 221, made by the celebrated Hen- 
ty Hindley, of York, about the year 1740 or 1741, f and sent to us 
bj Mr. Smeaton, in May, 1786, along with a full description, and 
tttt principles of its construction, with which he seems to have taken a 
grett deal of pains ; and as it is done evidently by a masterly hand on 
■lAjects in mechanics, it is deemed interesting to preserve a copy, which 
ftBows: 

•• Dtacripiion of the mtihod of the count-wheel work of HindleifB 

Engine. 

"The use of this is to form the different numbers for cutting the 
*^ of clock wheels, &c. and to make the requisite moves of the 
^■^dless screw and wheel as readily as can be done by a common 

* See Mr. AUan^s nielliod in vol. xxxiv. ol* Trans. Society of Arts, &c. 1816, or 
°*th'i Mechanic, a valuable collection published at Liverpool, in 2 vole. 8vo. 

t It may fairly be concluded that Hindley did not copy any thing from Fardoil, at 

1^ engine would appear to have been made before Thiout published the deecription 

of FudoU*8. Both may have taken the idea of the endle&s screw and wheel fiom 

Dr.Hookc. 
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dividing plaAe. As an appendage of the engine, No. 7 and 8 
fhin two sets of count-wheels, containing all the numbers dwt 
lay had in general use for clock-work, from 128 to 66, and the 
number 128, is upon the end of the endless screw in its piaee ; 
anj other of the numbers being put upon the end of the aibor in 
same manner, and the larger locking wheel sUded till it engrain fleie-* 
with, the smallest of the three winches being put upon the square of* 
the arbor, there is nothing to do but to turn the handle till the wiwl 
locks, and then lifting it out, turn again till it locks a second time; 
and then the main arbor of the engine will have turned round a qou- 
titf answerable to the space of one tooth of a wheel of the same mmK 
ber as that on the end of the screw aibor. The reason of wfaidi iiis 
follows : — Suppose, for a moment, the locking wheel to have 360 teetkf 
die same as the great wheel, the locking wheel locks at a wfade torn 
onlj. Suppose, for an easy calculation, the wheel required to be cot to 
be 36, then a turn of the endless screw will be the space for one toolb* 
but the number 36 being on, you must turn it round ten times to mak^ 
the locking wheel go round once, if it was 360 ; but being only 180, ^ 
it really is, then the locking wheel must go two turns to make li'^ 
screw go round ten times. 

^ It may seem that it would have been more ready to have had 
locking wheel to have been really 360, and then one lock would 
duce the number. What was Mr. Hindley's reason for this, Mr. 
does not exactly know, as he never knew but that it was so tfll th 
engine came into his hands ; but he supposes it to have been to 
too fine teeth, or over heavy a locking wheel, as its weight lies 
the lever by which the main endless screw is, by a spring, command-^ ' 
ed into the teeth of the great wheel, and consequently, by a difier^'^' 
ent distance from the centre of the lever, will counteract the s] 
in different degrees. Its being only 180, however, has some 
tages, for every number will produce its double; thus 72 being pu^"^ 
on by single locks, it will produce 144. Also, if you want an 
nal number, or one that is not, put on the minute circle, or circle 
60, that is figured, to which there is a proper index to drop into 
notches. The minutes in the whole circle are 21600 ; divide this 
ber by the number wanted, and the quotient will be the number 
minutes due to each ; which, if above 60, divide by 60, and you will 
then have the number of turns of the screw, and parts to form each 
tooth; and the fraction remaining being distributed through ^ 
whole circle, all your teeth will be true within a minute. By cot'^ 
ing thus, you may ruff cut a count wheel, which being obtained, ^ 
others of the same, or a double number, are easily cut : but if 
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never can count the double, and the number given is even, then you 
had better produce the half, because that will produce your number l^ 
smi^ moves. If those count wheels are ever so coarsely cut, even 
by hand* yet if tiiey are near enough to engrain with and turn round the 
locking wheel, its untruth signifies little, as every error of its an|^ 
iriD be lessened in the proportion of 360 to 1. 

^ If you want a high number, suppose 365 ; amongst the dividiiig 
phtes No. 9, you will probably find the number 78, which, multiple 
edbyfi, produces 366; and 360 multiplied by 73, produces 26280; 
and this divided by 365 gives 72. It therefore follows, if you put die 
pklB 73 upon the arbor, and turn a whole turn, wanting one division, 
joa win produce the number 365; and Mr. SL apprehends the other 
dividing plates will be found adapted to similar purposes. Mr. S. 
TCmembers, that, for the more ease in counting, Hindley had a couple 
of pointefB that he could separate like a pair of compasses, and fix 
atany an^e, which, turned round upon the centre of the aibor, and 
hy a springing plate or staple, were stiff enough to keep any place to 
which they were set The whole turns of the arbor were easily count- 
^ and the pointers being separated to the number of minutes requir- 
ed it each move, you set the follower pointer to the minute to be 
cot, and pressing down the index, you moved the leader pointer to the 
imhiy then cutting your notch upon the wheel, you move the aibor, 
fiat the whole turns, if necessaiy, and then so much fiulher, that die 
'Ulower pointer comes to the index, which press down, move the point- 
^«^ and cut as before. This apparatus, for want of use, Appears to be 
lot, ^ it did not come to Mr. S. with the engine, but may be made 
^fiash without much trouble. 

Cautions to Mr. Reid. — ^* The great dividing wheel being sent 
^Mirely at liberty from the screw, the catch that holds it there is lashed 
l^ftwith pack-thread, — before he undoes that, it will be well to in- 
^^odooe a bit of soft wood wedge, a card, or a bit of leather, be- 
the main screw and wheel ; then releasing the pack-thread and 
catch, he will soon find, by pressing upon die lever near the catch, 
will enable him to release the wedge; then setting a tooth of 
wheel exBcdy corresponding to a notch of the screw, let it go 
^Midy into it Without this precaution, (before he was aware of it) 
catch being undone, and a tooth opposing a thread of the screw, 
sudden flirt of the spring that lifls it upwards, might set a bruiae 
mipon the end of the tooth or the thread. If upon letting the screw 
Suiiy into the wheel, and putting on the smallest handle or winch !i4iich 
Iselongi to it, the screw either moves stifly, or there is a sensible shake 
Vtween the wheel and the screw, he will find a screw against whksh 
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the upper part of the frame of the main screw at the right hand aid 
shpa^ by which he can adjust it, so as to be just without shake ; aiKl 
then if the screw turns easy and pleasant, all is right ; if not, dear 
the teeth of the wheel from dust, with a middling hard brush, and al- 
so the screw, and give them a Utile goose-grease, (not what drips 
from them in roasting) but what is rendered from the internal fat cake, 
u the fat of sheep and bullockft are to make tallow. If the teeth of 
the wheel, or threads of the screw, should get any accidental braise, 
the projecting parts should be taken off by a small scraper, or such 
like tool ; the teeth of the wheel and screw, well cleaned with a bniA 
and soap and water, and then ground together (not with emeiy), but 
with such stuff as the cock-founders ground their brass cocks with. For 
this purpose, the pulley No. 23, must be put upon the handle of the 
screw arbor, and fixed with the plate and screws ; the less gnncfiDg 
the bettor, the rotation moderately quick, but must keep the eogine 
wheel going quite round, and not fornard and backward in any ooe 
place. As soon as it appears to go tolerably regular, no more giind- 
ing stuff must bo put to it, but gradually wiped off and reduced, as it 
becomes finer and smoother ; and when the wet is a little dried vpi 
feed it gradually with oil, and when judged smooth with that, take off 
the pulley, give it a little goose-grease, turning the screw gentlj to 
make the wheel go round several times by hand. But if there are ne 
palpable defects, it will be best not to m eddle with it in the grinding 
way : small matters will remedy themselves. 

" There was a part which was obliged to be taken off from the up* 
per part of the engine, to suffer the lid of the packing to go down, 
which perhaps Mr. R. will not know what to make of without some 
directions: it consists of two steel plates, (see S. Plate XIV.) both 
concentrated upon the same arbor, they slide against one another, and 
are held together by a screw, so that either of them may be pushed 
forwarder than the other. The arbor which "is fixed is marked to its 
place where it goes. The use of those is to set either side or middle 
of the cutter to cut directly towards the centre of the wheel to be cot, 
which will be known and adjusted by bringing the joint or separation 
between the two plates, to the centre of the cutting arbor on which 
the wheel is screwed down and fixed ; and when once fixed, wiH 
scarcely need an adjustment, without there is at present occasion to 
take it off. 

** If the engine had fallen to Mr. Smcaton's lot, he would have ptf^ 
it into a complete general repair. Particularly, the cutter wheel i^ 
much worn, several of the teeth have been broken, and very roughly 
put in, so that it goes very coarsely - in its pinion ; he not only woul^ 
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have made a new wheel, but have reduced the number from 48 to 86, 
OT rather 35 ; in which ciise, ho would have shortened the handle, if 
he had found it necessary for motion. As to the cutter pinion, he be- 
lieves it is the very same he saw in the engine in the year 1741 ; and 
therefore, though somewhat worn, must be quite hard ; he therefore 
<lid not propose to change it, but to acconmiodato the teeth of the wheel 
thereto. 

" The spring that lills the lever of the endless screw, is peihaps too 

stm^ too stubborn, and too sudden ; and, on the whole, is so injudi- 

^riously applied, that Mr. S. cannot suppose it the spring Hindley 

left in the engine at his death, which happened in the year 1771. 

[r. S. therefore proposed to fix a new one in such a manner as to act 

kindly and more equably. He also meant to make anew the 

^s^Miipass pointers above described, for easy counting for original num- 

Ixn, verniers, &c. for divided mstruments." 

Having a wheel for a clock requiring the number 106 to be cut on 
ilt, oar elockmaker, though well acquainted with using Hindley's engine 
ua the usual way with count wheels, and even with some of the plate 
"w-heeb, was at a loss how to proceed in it, when we put him on the fol- 
lowing process : — The endless screw wheel has 360 teeth, then divide 
ttsoB number by 106, and we have for quotient 3iVi» or ^f, or ^^^ or •}. 
It may not be so easy to <roi a wheel of 105, but one of 70 or 42 may 
niore readily be obtained, particularly 42, as it is quite a conmion 
x^innber with clockmakers. A large plate wheel of 42 notches being 
■Kiade and fixed on the end of the endless screw arbor, if we turn tliis 
plate three times round, and 18 notches more, cut one tooth or space, 
^lisgQiie over 105 times, will give 105 teeth, and will be equal to 360, 
^iMnomber in the endless screw wheel. A plate wheel of 7 might readi- 
ly be notched by hand, and 3 turns and 3 notches would equally produce 
tlte number 106. 

There is almost no number but may be come at, by taking a pro- 
<^Ott somewhat similar to the above. Take the number 116 for ex- 
ample, 366 divided by it has for quotient 3 /i^, or -^3. A plate wheel 
<^ 23 notches cut on it, thus turned round three times, taking 3 notches 
*>*«re, will produce 115. 

Suppose a wheel was required to be cut into a number greater than 

^^; for example 735, which would be 15 more than the double of 

^^Oi a plate wheel having 49 notches, and taking 24 of these for 

®^^ time a space is cut in the wheel, it will give the number of 

*®^ required, as 720, the double of 360, being multiplied by 49, 

""^ give 36280, and this divided by 735 will give 48. It hardly 

^^^^^UiB in practice, that wheels of such a high number as this are ever 
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required; the case is given merely to show the great extent of 
bers that can be cut by such an engine. It may be requisite to 
bow the numbers 48 and 49 were obtained. If we divide 780 hj I 
we have 48 for quotient, and, by the rule of proportion, 49 is got 
720 : 48 : : 736 : 49." 

Though a detail of the properties of Hindley's engine has 
given by Mr. Smeaton, yet what follows will peibaps show monst 
hige the variety of numbers that may be cut by it 

With the combined assistance of the minute wheel, and the lai|e 
wheel of 360, there may be cut a great many numbers between 8 and 
21600 ; but as these veiy high numbers are seldom or never reqnind, 
we shall content ourselves with marking down the majority of Ihoie 
under 600 teeth, though there is no doubt other intennediate ounben 
might easily be found by a little calculation, that could also be cot bj 
this comlunation. 

There are, however, some numbers which cannot be produced from 
the minute wheel, and the great wheel of 360, such as 420, 66, 42t ih 
14, 7, &c* ; but these, with many others, can be got, by substilutiBg 
instead of the minute wheel of 60, a wheel of 70. By this last, severil j 
numbers can be got, which are also produced by the wheel of 60 ; Int ] 
we shall confine ourselves by stating some of those which the rnioott < 
wheel cannot produce. 

A very few plate wheels, (perhaps ten or a dozen) may be sufficient 
to give any number whatever, however odd or uncommon. 

It is to be observed, that in the following tables, the first cofumo 
liidiea^ the number of entire turns and fractional parts of a turn ^ , 
the eodloss screw, and these fractional parts are again expressed in the 
second column, by the number of 60tb parts of a turn of the wiaa^ 
vrkdeU or 70th parts of a turn of the wheel of 70, over and above the 
number of entire turns of the endless screw. The third column poiols 
out the number of teeth cut 
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CHAPTER XV. 



Jn Ilquaiian Clocks^ Equation of Thne^ and Lunar Motions. 

Snt equation clock, which is a vety ingenious contrivance to 
boUi mean and apparent time, was made in London about 190 
ago. The foUowing history of the invention is given by Ber- 



he most ancient equation clock," says he, ^ which has come to 
Qowledge, is that which was placed in the cabinet of Charies II. 
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King of Spain, and which is mentioned at the end of The Artificial 
Rule of Time^ by Sully, (edition 1717,) who gives the foUowii 
account of it, from jan extract of a letter from the Rer. Father 
of the Society of Jesus, written to Mr. Williamson, watch-maker 
the cabinet of his Imperial Majesty, of the 9th January, 1716. 

^* What M. Baron Leibnitz says, in his remarks at the end of SuD/s 
book, — ^that if a watch or clock did of itself make the reduction of 
equal time to apparenty it would be a very fine and convenient thing, 
—on this subject, I have to tell you, that from the years 1699 and 
1700, there has been in the cabinet of King Charles II. of glorioas 
memory, Ejng of Spain, a clock, with a royal pendulum, (seconds 
pendulum,) made to go with weights, and not with springs, going 
four hundred days without requiring to be once wound up. I have, 
by order of his Majesty, and in his presence, seen and explamed the 
instructions, which were sent from London with watches, which con- 
tained many curious things. I had orders to go every day to the 
palace, during several months, to observe the said clock, and compare 
it with the sun-dial ; and, at that time, I remarked that it showed the 
equation of time, equal and apparent, exacdy according to the tables 
of Flamstead,* which are found likewise in the Rodolphine Tables, 

&c." 

Sully, at the end of the letter, of which an extract has just been given, 

makes the following remarks, page 9 : " AVhat the Rev. Father 
Kresa relates of the clock of the late King of Spain, is very true. It 
is more than twenty years since such clocks were made in London ; 
and I believe that I am the first who applied this mechanism (for 
equation,) to a pocket-watch, twelve or fourteen years ago." 

A very curious and excellent equation clock, (made by Mudge 
and Button,) and some other /Aiwof*, were left by the late Gene- 
ral Clerk to the late Sir John Clerk, and entailed on the house w 
Pennycuick. One of which was a spring clock by the same makers, 
having a very ingenious sort of motion work, so contrived as to make 
the clock strike what may be called Roman hours. The General 
was of a studious disposition, and disliked hearing the long hours 
as they were stnick in the ordinary way by common clocks. This 
spring clock stood in his Hbrary, or reading room ; it had two 
bells, one of them larger than the other, having a tenor soundf 
the smaller one sounding sharp; one blow on the tenor bell wa^ 

♦The earliest equation tables Mere calculated by our first Astronomer Roy**> 
Mi. Flamstead, at Greenwich. 



PCNNTCUICK HOUSE C^UATION CLOCK. 297 

led five, and one on the sharp bell was reckoned ; one for 
»le, when ajlong hour was to be struck, such as the twelve 
k hour, two blows on the tenor bell made ten, and two on the 
bell made two more, equal to twelve. One blow on the tenor 
dd three on the sharp bell indicates the eight o'clock hour. One 
cm the sharp bell and two on the tenor bell, or ten minus one, 
he hour of nine. One blow on the tenor bell was the five 
c hour, and in like manner the other hours were given. Tbiexe 
>ck made by Tonipion, belonging to the Right Honorable the 
f Moray, at the house of Donibristle, which strikes the hours some- 
n this way, by means of a sort of count wheel, so far as we 
iber. 

(entleman, somewhat like General Clerk, complained to his 
oaker, that he could not bear the tick tack noise which his 
clock made, and wanted much to have it suppressed if possi- 
)e 'scapement it had, was of the crown wheel and verge kind : 
tarn the end of preventing a noise being made, a piece of gut 
It across the opening or sink made for the pallets of the verge, 
the part where the crown-wheel teeth dropped or fell on them, (it 
»e observed that the gut was stretched parallel to the line of the 
arbor,) which had the desired effect of taking the noise away ; 
lat was very remarkable, afler a great many years going, no wearing 
rk of any kind was visible on the gut. We have put thin and 
teel springs, both on verge and anchor, or recoiling pallets, with 
good effect, for soflening down the noise made by the beats of 
ck. 

Description of Pennycuick House EquatioH Clock. 

I clock goes a month, strikes the hour, and has a strike-silent 

The 'scapement is made afler that of John Harrison's, 
og no oil to the pallets ; the pendulum is a gridiron coropen- 
one, composed of five rods, three of which are steel, the other 
* zinc, or some compound of zinc. On the dial are seen the 

minutes, and seconds, and their hands. The minute hand 
mean or equal time ; the equation of time is given by a hand 

figure of the sun on it, keeping solar or unequal time, and 
at all times when the sun is on the meridian. Its dif^ 
) from the minute hand is the equation of time. The 
Ad phases of the moon are also represented, the days of 
Bar, and of the month, the degrees of the ecliptic, and the 

of the zodiac, the rising, and setting of the sun, the 

38 
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length of the day, &c. The dial.is a twelve inch arched one. 
centric with the arch, is a sort of ring-plate wheel of 366 
making its revolution in a year, or 366 days. Its diameter k 
8 inches, and the breadth of the rim or ring li inch neaily. On 
ring-plate, at the outermost circles containing divisions, are 
the days of the year ; and on the space next within, are the 
the months, the days being numbered by the figures, 10, 80, kc- 
The next circles contain the 360 degrees of the edqitic ; die ipMO 
widiin has the signs of the zodiac, and the numbers 10, 80, andlOv 
marked for the degrees in every sign, and corresponding with ibe dqv 
of the year and of the month, when the sun is in any of these apu 
The innermost circles contain what may be cedled the divisions of te 
seinipdiumal arcs. On the space outside of this are marked the cor- 
responding hour figures in Roman characters. This is what gnesds 
time of the rising and setting of the sun, and the lengdi of die dqr* 

In the annual plate-ring are riveted six smaU brass pillars, oi^ 
inch and one-tenth of an inch in height, whose opposite ends u» 
screwed by steel screws, and their heads sunk into a plain ring wbofl* 
neatly crossed into six arms, the diameter being five inches and dr0^ 
quarters of an inch, and the breadth of the rim three-eig^tlie of ^ 
inch. The back of this plain ring is distant from the back of dl^ 
annual plate-ring one inch and a quarter. The plain ring is at tb^ 
centre, screwed on a brass socket, having a square hole in it Wiik^ 
in the frame of the clock movement, and at a perpendicular distaiii^^ 
of six inches from the centre wheel holes, a steel arbor is run i^^ 
and at one end, prolonged about an inch and a half beyond it^^ 
fore frame plate, somewhat like a stud. The pivot in the fcxe pla^^ 
is of such a length and thickness as to allow a square on its 
It is on this square that the equation ecliptic plate is put, and 
it is put on the annual plain ring by means of its socket, with a 
hole in it That part of the arbor which is above the socket is 
and serves as a stud for the moon's age ring socket to revohre on 
fireely and easily. The moon's age ring turns within the 
plate ring, and is divided into 59 equal parts, numbered 3, 6^ 
and so on to 29 j^. Its diameter is five inches and one-eighth ; i 
breadth fully three-eighths of an inch, and it is connected widi a 
wheel neatly crossed into six arms, of the same diameter and bi 
of rim as the moon's age ring, having six small pillars, nearly an i 
in height riveted into it, and the moon's age ring screwed, at the 
posite ends of three of them, by three sunk steel screws. This 
ring has a socket which runs or turns on the stud above the 






( 
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iain wheel ; the &ce of the moon's age ring comes flush up with that 
if the aoDiial pkte-ring, and both come up to the back of die dialy in 
wUdi an opening in the arch is made, in order to show a great part 
if iriwt ia on these rings. From the top of the arch, across the open- 
ifigi and down in a straight direction, is stretched a very fine wirot 
NTfing as an index to the days of the year, the moon's age« fcc 
The anmial plate-ring and the moon's age ring, move or turn firom the 
n^ to die lefl hand yet separately and independently of each other. 
On die inside^dioulder of the socket of the moon's age ring is screw- 
ed a small beveled wheel, having 37 teeth, and one inch in diameter^ 
As use of which will bo afterwards explained. In the dial is a circu- 
hropening of one inch and three quarters in diameter, a Utde below 
tk opming in the arch : in this opening is exhibited the lunar |^obe 
«f in inch and a quarter in diameter, made of brass, and silvered ; 
hilf of it is perpendicularly painted black, in order to give the 
the new and the full moon. On the arbor of the lunar i^obe 
OB two wheels, one of 63 teeth, and about an inch in diameter, the 
Av, a beveled one of the same diameter, and widi 37 teeth. Both 
m phced below the lunar i^obe ; the wheel of 37 and the globe 
«e ftst on the arbor ; the whed of 63 being keyed spring-ti^ 
ibove die beveled one. The arbor of the lunar i^obe is in ^ plane 
tf the dial, or neariy so, and this beveled wbeel takes or pitches 
■■Id dMi of the same number, which is screwed on the moon's age 
t^i sodKet as before mentioned ; and, by means of holes in the ring, 
Iks whole, that is, the globe, the beveled idieels, and the moon's age 
9m§f fcc can be made to turn together, when the moon is at any 
tm letting to its proper age. The pivots of the lunar globe aibor 
nB on cocks, which are screwed on to the back of the diaL Behind 
Ae C^kibe, and at a little distance from it, is screwed on to the back 
if die dial, a sort of concave or hollow hemisphere of thin plate brass, 
NMlsd inside of a sky-blue color. 

We ahaB now proceed to show how the moon's motion is produc- 
id. On the top of the month nut-socket, where it lies in the plane 
tf die dial, is cut a ri^^handed double endless screw, working into 
I small brass wheel of 15 teeth, which is on the lower end of a long 
iriior, standing upright in a slit made in the dial This slit is co- 
pied by a large circular silvered plate, on which are engraved the 
Mors, minutes, and seconds ; on the upper end of this long arbor, is 
I pinion of 8, which carries about the wheel of 63, and with it, at 
he same time, the beveled wheels, ^obe, and moon's age ring. The 
livets of the long upright arbor run in small cocks attached to die 
sack of the dial. The month nut, or hour wheel socket, makes a 
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wnAnSan in twebe hoimt cairjfuqg die hoar hmd. lb 
of Ae moen^ «ge ring ii made in S9 daje, 19 lioih» 
nutes. Iheiriheel of 68 end 15 lying rndtipBedHnrtawfj 
duct is 946t and dus dfided by 8| tbe number of tts 
118.126 timea ais boon* wliieh being reducedf grrae 4]fe 
a revobitiaii of die moon's age ring aa abo?et of S9 dsfs. It 
46 mimitfts* Tbetipe of die levohitioo may be madia oathf 
ivey. It ia erideot tbat one toodi of die .amaU wheel of 16<ia 
ed efeiy six heora; of course die wheel will be made to 
revohidaiiin90houni andao will diefMrnonS. Then, if we ai^t^ 
8 t 90 : : 68 : 706*76 hoorBf which ia also equal to diegpfOB 
tion of 89 dqrai 19 houn, 46 minutea. To produce die 
tion.of die ring^late wheel of 866 teedi» die mondi nut ia onf Jala 
teedi, and makes its revolution, as was said befine, in 19 ham^ 
turns a wheel of 64, concentric with which is a pinioo of 6, 
wheel of 96, baring concentric widi it a [anion of 19, leadng Ae 
of 366, wfaicfa is die plate-ring circle, luiving ^« it die dq^ 
mondia of die year, the degrees of the eclipdc, fce. tanmg^ 
round m866 dajra. Now, aa 866x96x84=9948866,Hbb 
divided by dMt of 49x8xl9s4089, wiU giv» 780 timae 
hours, or 866 days. The pinion of 19 is pot on a i^oara^ 
cornea in and through a small hole in the laige aihwred dreriH 
the wheel of 96 ia put on a round part of die ariior juatbalaw 
pinion, and ia keyed apring-tigfat cm it ; by meana of a aanril 
which fits the square, to turn the pinion, the annual iriieel of 865 
can be set to any required day of the month, which can be 
without disturbing any of the motion wheels. The setting of 
moon's age ring is equally free as this from any disturbing 
The diameter of the month nut wheel of 42 is one inch, and throe 
a half tenths of an inch ; that of the wheel of 84 is 2.6 indiea, 
near to a tenth and a half more. The wheel of 96 is three 
its pinion of 12 is .307 of an inch, the pinion of 8 is .316 of an 
in diameter. 

The minute-pipe wheel of 66 teeth, and 1.8 inch in diameter, nma 
the arbor of the centre wheel, carrying the minute hand. It 
in the common way the minute wheel m of the same number 
diameter, whose centre lies nearly under that of the other, about 
of an inch to the right of the middle line of the fore-firame pkis, 
and 1.7 inch from the centre of the minute-hand wheeL The ariior 
of the minute wheel has a pinion of 8, leading in the common way te 
hour wheel of 96, whose diameter is 3.26 inches, that of the pinion is 
.426 of an inch. This pinionof 8 is put on the arbor by means of a 
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Mpiare, and with the minute wheel both are fast on the aibor. See 
Plate XL No. 62. The upper side of the wheel may he distant from 
flie lower face of the pinion about .7 of an inch, the lower side hav- 
ing a proper freedom from the fore plate. Two wheels, one a plain 
nlwel of 38, the other a beveled one of 3S, having the same diameter 
1*2 inch, are screwed together, and on a socket common to both ; the 
flat wheel is the uppermost, and is pretty close to the back of the 
beveled one, whose teeth look downwards ; their socket turns on the 
mimte-wheel pinion arbor, between the lower &ce of the pinion and 
the upper side of the minute wheel, having a proper end-shake be- 
tween them ; the back of the flat wheel of 38 is below the lower face 
of the pinion .4 of an inch. These wheels of 38 can be made to 
torn on the minute-pinion arbor, independent of it and the roinute- 
wlieeL The minute-wheel and pinion arbor extend a little way be- 
yond and below the minute-wheel, perhaps one inch, and three or 
fbtir-tentfas more to the end of its pivot ; it extends also beyond the 
fibce of the pinion more than .6 of an inch to the end of its pivot, 
which runs into a cock C screwed on the fore-frame plate. There is 
ft part formed on the arbor of a flat circular shape, and whose thickness 
is lather more than that of the diameter of the arbor ; in the middle 
of this a hole is tapped, into which is screwed a stud, standing at 
i^it angles to the arbor ; a beveled wheel of 38, and diameter 1.2 

• 

iiich with its socket turns on this stud, which is placed on the arbor 
*^ that distance, so that the two beveled wheels may i^uily pitch into 
^'^e another ; the minute wheel is crossed into four, and through one 
^ the cross openings, the beveled wheel B, which is on the stud, gets 
^ pitch with the beveled wheel 6, which is above the minute one. 
^^ the inside of the pillar plate is screwed a cock A, nearly 1.2 inch 
^ height, and so that the middle part of the upper knee shall be op- 
poeite to the lower end and pivot of the minute pinion arbor. On 
<te end of another arbor, in length about 2.1 inches, having a shoul- 
der on it, is riveted a beveled wheel c of the same diameter and 
munber of teeth as the others ; another shoulder, of just a sufficient 
dadmess, is made on this arbor at the back of the beveled wheel ; 
d» rest of the arbor is nearly straight all the way to the shoulder of 
tpi¥Ot which is at this end; from this shoulder the arbor is squared 
down for about .6 or .7 of an inch, to receive the socket of a small 
wheel W of 32 teeth, which turns behind the pillar plate ; this wheel 
is nearly one inch in diameter, and a cock K is screwed on the back 
of the piUar plate, in which the pivot of the wheel of 32 runs ; a pin 
ii put through the socket and square, to keep the wheel fast to its 
place on the arbor. When the shoulder at the back of the beveled 
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wheel betti on the oalnde-of tbo kiw«d cqdki wfaidiilfM dia Hi 
<irthe piDv i^ato, tha oodt hning ■ bole m it «Udi idkin *■ «d 
t4> go Ibnm^ nd to tnm freelj, ifaae dw pirot gf the artrar will t 
in Ae eoek wUeh ii at tlu back of tbo pflhr pUte. The bside botti 
of the bwelnd wliecilt lAich ii rirated oa Ibe dMiblder of thit 
baa tbe nd (rf* ftn arbor made fludi widi it, and «. hole mtule in t^-Mii 
end and ceDtra of die atbor to raeetn Ab lomr |iivo( or the duduh^ 
pinion, in wbieh it rana at tunii ; the bereled vb^. which is on cj^ 
Btud, beiiv a^ipaaed to be aet aa low down aa it dnll meet, and pibck 
properijr widi that which ia at the end of the other atbor. \ 

It irill now be aeon thid flie epd aha^e of 0mw arbors, when a^wwt- I 
bined, w3l fie between die iniimte-iNidoa cock oo the fore plate. uW 
that iriddi ia <n the back of 4w pDar phta. Let us suppose, that 
die beveled ^wel, irtbch ia at dia md oTaiw of ibbm aihon, lemutm 
statjODBiy, and that tha mime piaian end wheel ure carried aboirt 
by dte minuteiiipa wbaeli wbwh ip og dw vbor td the centre wheel; 
duiii^ a TevohitHa of fte anuite-wlieal and pinion, ifae beveled 
wheel wUdi tnma oo dw atad, win be canied not only round wilk 
its stud, but ia made to make notter rankitiaii bf means of ita turn- 
ing ronnd on the teedi of dw benlad wheel, which is etuiaaary, 
causing dw bevded ^wel, and the flat irfwel connected with it, 
which an below the minute pini<Hi, to meke two rcvohitions in the 
hour; and es the flat wheel of 38 teedi tutna dte sun-hand wheel of 
76 teeth, and 2.3 inches in diameter, this last must mabe its revolo- 
tion in an hour. Its socket tums freely on that of the nibute-pipe 
wheel, which canies the minute hand; between the sun-band wbee' 
and this minute-pipe wheel, is a alender Bptral spring, the inner cod 
of which is liied to the lower end of the sun's-wheel ciocket, the oof 
end being fixed in a atud on the upper surface of the minute-baivl 
wheel. This apring is for the purpose of keeping fumard the s»b 
hand to ita place, notwithstanding any shake which majr be *wW 
the teeth of diose wheels concerned in dte equadoQ naotiQii wmI^ 
The sun's hand is of brass gilded, having the figure of tbe am M 0f 
at a little distance from tbe end which points to tbe minute diniitll^ 
Tbe sun's band lies between the hour and minute handai tk* iHwV 
of 76, which canies it, besides the motion of gping oooe nMriin^* 
hoiur, has at cate time a small moti(xi r^rognule, at aiwdwr a m0^ 
motion progiesdve, according to the equstku ; and there an flvi* 
times in the year when tbe minute and sun bands an neailjr logiA^^ 
One half neaily of tbe sun wheel is croased out on that aide m iiV^^ 
the aun'a hand hes, in order that the equihlttium of the hand wA ll^'* 
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ay be as nice as possible, whatever may be the position of the sun 

iid. 

From the centre wheel hole on the fore frame plate, towards the 
Et hand, and a little upwards, take, with a pair of compasses, a dis- 
Dce of 8.8 inches, and sweep an arch, and then from the centre of 
a hole in which the arbor runs, which carries the annual-plate wheel, 
he in the compasses an extent of 4.6 inches, and sweep another arch 
ft as to intersect the first, the place of intersection will be that of an 
bor having pivots, one of which runs into a cock screwed on the 
ick of the pillar plate ; the other runs into a cock screwed on the 
Dot of the fore-frame plate ; a notch is made on the edge of each 
UM plate to admit the arbor to come to its place. On the end of 
iaaibor, which is just behind the pillar plate, is fixed a rack, or seg- 
fent of a circle, 5 inches radius, having 32 teeth cut on it, cut 
xma fmmher on the engme plate of 318; the rack-teeth pitch into 
IB mall wheel of 32, which lies behmd the pillar plate, and whose 
BObe coincides with that of the minute-pinion arbor, as mentioDed 
aAie. On the oAer end of this arbor, and beyond the f<«e4fame 
blB a very little, is fixed an arm of 4.5 inches long, having at the 
ad of it a smooth hard steel pin, which bears on the edge of the an- 
nMliptic equation plate, being made to do so by means of a coil 
r two of watch main-spring not very strong, attached to the arbor, 
oar to the inside of the fore-frame plate, the outer end being fixed 

one of the pillars, or to a stud fixed for that purpose on the inside 
' the fore plate. The elliptic equation plate is a very irregular sort 
' a figure, as may be conceived in some degree by the description of 
h shape ; its greatest length over all is 6.6 inches ; the centre is 3.8 
Bches from the broadest end, and 2.7 inches from the narrowest ; the 
Attest edge across the centre is about one inch, add the edge oppo- 
^ is 1.8 inch ; the greatest breadth of the broad end is near to 4 
Bdies, that of the narrowest end is 2.8 inches. During the course 
i its annual revolution, the edge of the elliptic plate makes the arm 
I'Udi has the steel pin in it rise to various heights, and &11 as vaii- 
^>^f to difierent depths. By this rising and falling, the rack which 

1 tt the opposite end of the arbor, is made to have a motion some- 
"B^s backward, and at other times forward, which it communicates 
' tlie small wheel of 32, behind the pillar plate, and of course to 
^ beveled wheel of 38 on the same arbor with it. This continual- 
^Uises a smaU change of place to the beveled wheel of 38, conse- 
'^mty a change of place to that which turns on the stud, and hence 
ttie wheel carrying the sun hand. This change is what gives the 
Potion, shown by the difierence of time between the minute and 
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aim itai. Whw dn pa a the nu Alls, tbe equation or mm itt^m 
goOT ftrwHdf md wben rinng it goes backtv-ord. The greatest iw^^ 
tive aqwdieil Ibr lfllfi,oa die tbifddkjof November, is 16 rainot^^ 
14.9 aeconda, irtuch, mdiei to tfao grMteal positive ei^uation for L^B 
Muna jwon dte 11th of Febnnny, bong 14 minules, 36.6 secon^^ 
makeain all 80 nmntoa, B1.4aeooada; aothatone tooth of the wfa^a, 
of 8S mqr be neailjr eqoivalant to one mbnite of eigualion. To tr^i^ 
prapeiljr ■ tnw flgne to the etjuatioa plate, must be' a voiy tcdkA^u 
and aico opentioa ] fbr tfaia puipoaa the mck, and all the wbeeU in- 
medntafy ecnwded wkh the equalmii nuiat be put into their placei, 
aaalaodltbaeB which gmmolioa totbeaimual plate, ood to \me * 
spdbg tij^ anni having i dotip point to it, beuiDg on the face of 
tbe liiaaa |ihlii. • wtadi ia to be die dliptic one : the shtup point nrnx 
lieaoaato coincidswidittie aide of the ateel pin when beariagontht 
edge rf the eOqUio plate. The nn aad mnute hands being on, mi 
tbe aimnal plate aet to the let of Jaiiaai7, ihc equation hund MI t» 
the eqnatiaii fiv that da^, dwn Iqr aetdag forward the minute hut 
ia or S4 hoon, die eqntioa band me; be changed to wbni it nu^ 
to be m dw same thne ; m bj going on step by step in itui ntj 
the figure of die eqaatioB or eD^itic plate may be truly done. Tk 
rack nraat be aitifidalljr made to aanat in du ; and when the re*(Ml 
b eomphtely at the end, befbie taking oat the rack am) the ei^aliB 
wheela, mario miMt be made to eoe of thoac? teeth, and likowiwiDii 
coneaponding apace in the other wheels, eo dkat when they are agaafit 
into their phcea, Ibey ahall give such equadon as was done when nnf 
I'uT tbe eHiplic plate. 

Beaidefl the dsya of the month, which arc sfaowD on the anal 
plate, there is a common month ring, having 31 il<nu-e^ engrandtM 
ii. |deced as usual at tbe back of tbe dial. One vf these figomit 

chilled ercfj day through tbe whole ring, when the month irtlf 

31 days, and two figures at the hat are shil^ed at once wbni Al 
nioodi conssls of 30 dsTs, to bring tlie lii^ to the firsi iby «f tka 
succeeding mamh ; and at the 28th of February, four fifura ■* 
shifted, so as to bring the ring to tbe first of Morcb : by tlie im^ 



;be dav of the n 



I ring reqinree no HiiftiDe or c j i wm^ ■ 



(x-rioda, as diose in the coeamooway do. 
live ihort aiBel pios are placed in a drcle, on die ^ider atfe rf ^ 
cUquic phto, lAoee imIKk may be riMut half aa mA, ^ Ht ^ 
^^ichad " 

1 Fctnwy and Aptfl. betweca Apd i 
a Sepaei^N* Md ? 
Thb »y be daaa by mtji^ 
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te elli|ytic plate on a cuttmg or dividing engine, having the number 

385 on the dividing plate. When fixed on the engine, and set to 

fliB first point of the number, make a point for February on the 

elliptic plate, then count off 61 from the dividing plate, which will 

give die place for the pin on the 30th of April ; another 61 will 

bring it to June 30th ; 92 will give the 30th September ; 61 the 

30th November ; and 90 more will bring it to the 28th of February, 

the point from which we set out. When the pins are put in the 

ellipdc plate, that for February will require to be longer than the 

others, for a reason which will be explained when we come to show 

the use of these pins. The month wheel of 84 teeth, and whose 

diameter is 2.75 inches, has its centre on the left-hand side, distant from 

the central perpendicular line 1.4 inch, and from the centre hole in 

the fore-frame plate 2 inches. The month wheel, as usual, is turned 

about by the month nut. A long piece of brass forming two armst 

each four inches in length, has a small arbor through the middle of 

the whole length of eight inches. The pivots of this arbor run into 

nxudl cocks, attached to the front of the fore plate, keeping the long 

piece of brass very near to the plate : indeed a great part, particu- 

holy the end of the upper arm, and towards it, is sunk partly into 

the fore plate. This long piece of brass is placed so, that one of 

the arms shaU come to the socket of the month wheel, and the other 

with its end nearly below the circle in which are the five pins, in the 

siuiual elliptic plate described as beforOb A spring is placed below this 

^'pper arm to keep it up, unless when any of the pins get on the end 

^ the arm and press it down. The end of the arm is chamfered, or 

'i^ade 80 that any pin, when approaching it, gets easily on and presses it 

^^or«rn gradually, by means of ascending the chamfered part ; and, when 

P^et this, it meets with a flat and very narrow place, where It carmot 

'^ctiiain longer than some time short of 24 hours, say 16 or 18 hours, or 

Perhaps not bo long. Afler having passed the flat part, it meets widi a 

^^hamfered side opposite to that of the first. Besides that of freeing the 

pin, this is made for the purpose of more easily setting back or forward 

^he annual plate. 

The month wheel has its socket equally long on both sides, and 
9Uite straight, the length of each may be .6 or .7 of an inch. Two 
^■iian brass pillars are riveted on the upper side, and opposite one 
each at a distance from the centre of the wheel about .7 of 
inch, (See No. 62, 2 and 3,) the height of the pillars from the 
^ici«el to the shoulder about half an inch; and from the shoulder of 

39 
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each pillar, a sort of straight pivot is prolonged about half an ia 
more ; the diameter of these pivots about one-tenth of an incht t. 
of the pillar .2 of an inch. There is another socket which goes ea 
\j on the lower or under socket of the month wheel, which is rivei 
in a rectangular piece of brass, about an inch long, and half an m 
broad, or neaiij so, say .4 of an inch. In this piece of brass, on * 
side opposite that of the socket, are also riveted two small a 
straight brass pillars, about an inch in length, and the diameter ab^ 
one-tenth of an inch. There are holes in the month wheel to all 
these pillars to go easily back and forward in them ; their places ^ 
be equally between the month-wheel socket and the [Hilars which : 
riveted in the month wheeL The other ends of the small 8tni| 
pillars are made fast, by two small steel screws, to a piece of bra 
which is formed to correspond with two broad crosses of the moi 
wheel. Only one of them is made to have at the end a segment d 
circle, whose radius is nearly equal to that of the month wheeL ^ 
this segment three teeth are cut, equal in their spaces, and confonn 
those of the month ring. In the arms or crosses of the segment f 
three holes, one of which goes easily over or on the upper socket of I 
month wheel : the other two holes go easily on the small straig^ pivo 
which have been already mentioned. This segment cannot be put on I 
ends of the small pillars, till the socket of the rectangular piece of bra 
is put on the lower socket of the month wheel, having previously ma 
the pillars connected with it to pass through their holes in the moE 
wheel. It will be easy to perceive, that when the segment is put on 
its pillars, and a sufficient space lefl behind the month wheel and i 
rectangular piece of brass, its socket may be made to pump up and doi 
on that of the month wheel, and at the same time carrying the segmc 
back and forward with it : a pin in the month wheel stud keeps t 
month wheel socket always to its proper end-shake, notwithstanding a 
motion of the segment backward and forward. Below t^ rectangul 
piece on its socket, a small groove is turned out, for the purpose of 
forked piece getting on it : this forked piece is formed on that end of t 
arm which lies along the fore plate, and on to the socket or centre of t 
month wheel. 

From the preceding description, it is evident that when any of t 
elliptic plate pins come to press down that end of the upper arm whi 
lies near and under them, the forked end will raise up the groov 
socket, and the segment which is connected with it ; hence the tec 
of the segment will meet with pins which are at the back of the moc 
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[t ind by their means will turn the month ring. On the month 
wliflel is fixed a pin, which, in common, shifts the day of the month 
;; but in diose months in which there are only thurty days, the pins 
Ae elliptic plate, which press down the end of the arm, make the 
be pumped up only so far as to meet with one of the pins at 
back of the month ring, idiich is a little longer than the other 
two; and one day being shifted by it, and another by the fixed pin 
ia the month wheel, this makes the shifting from the 30th to the 1st 
day of the succeeding month. 

The pin in the elliptic plate, for the month of Februaiy, being 

longer than the others, presses the end of the arm a little more down, 

eonsequKitly the pumping up of the segment must be to a greater 

hfli|^: by this means the three teeth on the segment get hold of the 

three funs on the back of the month ring ; this, with the fixed pin in 

flie month wheel, are ready to shift four teeth of the month ring, vis. 

bom the 28th of February to the 1st of March ; and by this veiy in- 

geoiovs sort of mechanism, the month ring shows always the right 

dqr of the month, except on the 29th of Februaiy in leap years. It 

my be necessary to notice, that the fixed pin in the day of the month 

iHmI must be placed at such a distance from the first tooth on the 

■gmenty as is equal to the space between the teeth on the segment : 

Um month ring is not attached by rollers to the back of the dial in 

Ae unial way, but runs in four rollers, which are fixed on four brass 

*Cndi on die fore-firame plate. This is for the conveniency of seeing 

0016 easily the operations of the segment with the month ring, when 

Ae segment is pumped up and down. 

The construction of the month wheel, and the apparatus for shift- 
^ the month ring, will be better understood from No. 62, 2 and 3, 
^heie A, A, is the month wheel ; B, B, two arms or crosses neariy 
^niiilar to those of the month wheel, having a hole in the centre, which 
80es freely on the d^per socket of the month wheeL On one of these 
*fom is a segment of a circle, nearly of the same radius as that of the 
ii^oiifli wheel, having three teeth cut on it, like those of the mcmth 

• 

'^; a, a, are two brass pillars riveted on the upper side of the 
^onth wheel, the upper ends being formed into sort of pivots. On 
^I^Qae and the month-wheel socket, the segment is made to move free- 
ly up and down. C is a rectangular piece of brass, into which a 
*^^ket is riveted, which moves up and down on the lower socket of 
^^ month wheel, having a groove turned out on it, receiving the 
^<^Hced end of the arm, which pumps it up and down ; 6, 6, are 
^o small pillars, which are riveted also into the rectangular piece 
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of bmiSf kmog two hobs JB die nwalfa wheel, ^mm^ ^tAUkr 

poaeeenlyi^ aiid>do«B; die odwr ends of dwrngoinlodM 

B B, end en eeiewed to it by maeiie of two eoMdl eenww^ 

of the enoe of die moiidL wheel, is eenwed a Hneil inmMm^^mltk^ 

dt hemg a pb fcni a it, fiir iaaamg the dqr of dM. 

the erail moBMiw 

For en aoeooltef ea eqwdioii dook • bj Heuy Weid eC 
See aVeeti gfHiB Sotitigfor EmsomNigmg Jhiit Mmmffmkmm 
(kivmwt§» VoL XXXIL See also Joamol d$ PAfrifiN, 
jMT M. Mii Somr. Ibm. XXXIL Pmi 111, for a 
a elodi nade bj BoUn of Pvio going eppemrt tSnae* * -j-i 

The filllowiqg is a mediod that majr be prapoeed to' iUftta 
of dMmoadi ling, or a day of die moi^ whetd, wlioie aAor 
a head dwt will requiie no eonre ctin g eieept to Febtaeqr il 
yeeia. ...... i ^.^i.uv? 

Tekea wheel of 7B teeth, being die fiMi pert of8e5,-dM 
of days in afBar; if a email etar wheel of 6 w put oitfdM 
asin^ (hweded ondlees seraw, woddng into the leedi of Am 
of 78, and one of die ladii of die star wheel be tuned-oveqr 
it is efident that fire dqw will be requir e d to move Jmo lotodb 
the wheel of 78. Let a eontnte web or rim be fanned on^ 
side of the whed of 78 ; to a fixed stud, apply a double or 
lever, one end of which is knee'd, die nib resting on the edge 
the Qontrate rim, and occasionally falling into notches made in 
The other end, idiich ie f(»fced, takes in with a groove or 
turned on the socket of a 24 hoar wheel, which dockmakem 
monly called the month wheel : on the knee'd end of the lever, 
ing into any of the notches, the foriced end will rise end pump 
the month wheel, which will take place at the end of the 
having 30 dajrs ; the notch f<Hr the end of February is a htde 
so as the month wheel may be pumped a litde more xs^ In 
month wheel which pumps up and down, there arip finir pins 
so as they may pitch in widi four teeth of the month ring or 
The pins are of different heights; the longest is that winch tume 
month ring in ordinary; the next is a litde shorter; these two 
in with the ring when the month has 80 days, and turn it to the 
day of the succeeding rbonth ; all the four take in with it at die 
of February, and turn it from the 28th to the let of Bfardi: 
last two pins are of the same height, and a little shorter dnm 
shortest of the other two. The chief thing to be considered in 
business, is the [noportioning the distances of the nolebee in te 
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oontiBte rim. There are seven monttis in the year consisting of 

31 dajB each, four of 30 days each, and one, in common years, of 

K days. It will be found, when seeking for the proportions, that the 

Krew must make 6.2 turns for each month of 31 days, for those of 30 

dtys 6 turns, and for that of 28 days 5.6 turns. The number of turns 

nquired for the screw to make according to the respective months, 

belag multiplied by the number of months, will give 73, the number 

of teeth in the wheel having the contrate rim on it, and which must 

make a revolution once in a year or twelve months. The number of 

tum which the screw must make in a year, is shown by the follow- 

iog qieration : 6.2 x 7 =43.4, 6 X 4 = 24. and 5.6 X 1 = 5.6. Now 

43».4+24 +5.6=73, the number sought for. In setting off from the 

beginning of January, the nib of the knee'd piece will rest or bo on 

the edge of the contrate rim until the 28th day of February ; the screw 

in the meanwhile moving the wheel of 73, will bring the rim forward 

with a notch, into which the knee'd piece falling, the opposite or 

fixked end of the jointed lever then pumps up the wheel with the 

four pins, and they then tum the month ring from the 28th of Februaiy 

on to the Ist day of March. One side of the knee'd piece is beveled, 

•o as it may rise easily up again on the edge of the contrate rim, which 

iMriog forward, the nib keeps on the same plane, until the wheel of 

78 has turned so far on as the 30th day of April: a notch at this 

^ime presents itself, and the knee'd piece drops into it ; on being rais- 

^ up, it keeps as before on the edge of the rim, until the 30th of 

June, when another notch comes ; afler which the knee'd piece will 

l>tt m the rim until the 30th of September, and again from that to 

4le SOtfa November. So that there is only five times in the year 

4iu the knee'd piece has to fall into the notches, whose distances are 

F*oportioned according to the number of turns the screw has to make 

during the intervening number of days. Two wheels of 24 hours 

Q«eh are required, one for turning the small star wheel, the other a 

PUiBpiDg one for the month ring. The double or jointed lever would 

>^Bqinre a spring to press it not only into the notches, but also to 

l^Bop it steady on the edge of the contrate rim. It may perhaps not 

^ nnnecessaiy to apply a jumper with a slender spring to the star 

^^llieel, to keep it in its place during the time when it is not turning, 

Miich is for the greater part or the 24 hours. In place of the pump- 

H^ being made by the knee'd piece falling into notches, the same 

iKiaj be obtained by raised pieces, formed from the edge of the con- 

^K^te rim, retaining planes for the nib to hold on ; but this will give 

^ contrary duration to the pumping, which any judicious workman 

c%n a4apt to the plan of the motion he sets about. Seeing the mo- 
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lion of the screw ha so slow, the execution will require to be nicdjr 
so as to make the shifting at aU times effectual. 

Another way of shilling a day of the month ring rig^ 
to February in leap years, may be done without the 
tion of an annual wheel. Suppose the month ring to be 
by a pin in the month wheel in the usual way, when the month 
31 days, or even when it has 30 or 28 days. But in order to 
the ring, on those months having 30 and 28 days> be turned to th^ 
first day of the succeeding month, the following, which is to be de- 
scribed, has been contrived. A star wheel of twelve radii and 8. 7" 
inches in diameter, whose centre is 4.5 inches below that of the dial* 
concentric with it is a contrate rim or hoop 2.6 inches in diameter^ M^ 
and near to .3 of an inch deep. In the month wheel are four piDS» li 
equally distant from one another, so as to pitch equally and fiteelj |i 
with die teeth of the month ring. The height of the first pin is It 
about .3 of an inch, that of the second about .2 of an inch, and the |i 
next two .1 of an inch, or a very little higher. On the back of fl^ 
month ring are three pins, the longest of which is near .4 of an in^ 
in height, and placed near to the space which is opposite to the tooui 
for the 28th day ; that is to say, on the left hand, when looking ^^ 
the back of the ring, in the middle between the 28th and 29th toot^ 
the other two pins are about half of the height of the first, one ^ 
which is placed in the middle of the breadth of the ring, and bd^^ 
that space which is opposite the 30th tooth, the other is placed wii 
in a tenth of an inch to the outer edge of the ring, and under 
middle of the space opposite the 31st tooth: one begins, the oIIb.^^ 
terminates the motion of the star wheel at all times. The diamet^^^ 
of the month ring is about 8.6 inches, the breadth .7 of an inch, 
breadth including the teeth .85 of an inch : These conditions, hoi 
ever, are not arbitrary. The lower edge of the ring is below 
centre of the dial 3. 1 inches. There is a long arm or double levc 
whose centre of motion lies near to the fore-frame plate, and 
the centre of the month wheel and that point, which is a tangent t^ 
the contrate rim on the star wheel, the whole length being 3.' 
inches. That arm which comes ^ the centre of the month whee — 
is forked at the end, and takes in with a groove in the month-whe^^^--^ 
socket, and by a spring, which lies under it, the month wheel is mad^ ^ 
to pump up and down, requiring to have a thick month nut, unles*--^** 
the pin and segment, as described to the equation clock, were adopt^^*' 
ed. The other arm of the double lever has its end bent into ^^ ^ 
square hook or knee'd piece, whose nib rests always by means of tb -^^ ^ 
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lev^r qyringi on the cdgo or planes of the contrate run, which is 
foTmed into steps and notches tcith a plain bottom. The steps are 
Tequired only at the months having 30 days, and at February, hav- 
ing 28 days. The nib of the lever remains on the bottom or plane 
oC the notches during the whole of the month, and the star wheel is 
than statioiiaiy ; its motion takes place only at the time of shifling 
•ny o( the twelve radii : when this happens at the end of the months 
having 31 days, the nib then moves along the plane or bottom of die 
DQlch. Above one of the radii, that which serves for the month Fc- 
bruBiy, a piece of brass is put, and prolonged a little beyond it ; so 
that when the month-wheel pin comes to turn the ring from the 28tfa 
day, at that instant, the long pin on the ring meets with this piece of 
bnaa, andy carrying it on, makes the lever nib to rise up on one of 
the steps, whore it remains for a while, and the month wheel being 
pumped up, all the four pins in it get engaged with the teeth of the 
nooth ring, and turn it forward to the first day of March ; and, just 
•bout, or a Uttle before the termination of the shifling, the outer- 
RMMt |nn on the ring carries one of the radii (that in the line with 
^ba piece of brass,) so far on, as to make the nib to fall or drop from 
oflT the step into the plane of the succeeding notch, where it remains 
till the next shiflting of the star wheel. When the month has 30 
^ys, the pin in the middle of the month-ring's breadth is made, by 
^OGum of the month-wheel pin shifling the ring, to push on one of 
^ star-wheel radii ; and this having a step hero, the nib rises up on 
'^ and remains so long as the ring is nearly shiflod to the first day 
of the succeeding month. The pin on the outermost place on the ring 
^I^vi^ terminates the motion of the star wheel, and makes tho nib 
^U when it happens to be on a stop, there being no step to meet it 
^hm the month consists of 31 days. Not depending on very nice 
^^(Qctitioii, this is perhi^s tho simplest and easiest way of making a 
*hif|iiig for the days of the month, requiring no correcting except in 
*^^ years. 

^^* foUotoing are other two Methods for this purpose^ which we used 

also to put in practice. 

In one of these, the day of the month is shown by a hand from the 

^^^Xitre of the dial, which makes two revolutions in 365 days, and 

?^^iiits to two sets of circles of divisions near the outer edge of the 

^^<U. These divisions are made from the number 365 on the dividing 

P^vilo, by taking them alternately, setting out from the twelve o'clock 

^ on the inner circles of division, two 365th parts will be the first 
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of January, and, continuing so on to the last day of June, wiH be 
181 days, which will be short from the line or point set out from, by 
one division and a half; so that when the hand starts from the 30tfi 
of June, to the first of July, on the outer circles of divisicms, it will 
then be half a division from the line set out from on beginning Janu- 
ary; the 2d of July will be half a division beyond it; hence these 
last set of divisions will lie opposite the middle of the spaces of those 
divisions gone over in the first six months : by this means, the hand 
^ows always to what day it is pointing, and also to what montli. 
There is a small space between the two sets of divisions ; the raunss 
of the first six months are on the inside of their circle of divisions, and 
those of the last six months are on the outside of theirs ; the days are 
figured or numbered 10, 20, 30, or 31 and 2S; the intermedmtak 
fives are distinguished by the division being prolonged a little oo^ 
¥rard on the outer divisions, and inward on the inner. To produce 
this motion for the hand, let a 24 hour wheel, having a |Mn m ifc» 
and near to its centre, taking into a ratchet or star wheel of 25, wiSk 
a jumper and spring to press it on the ratchet-wheel teeUi; conceo* 
trie with the ratchet wheel is a pinion of 10, leading a wheel of T3v 
on whose socket is the day of the month hand, one of the star or t^ir 
chet- wheel teeth being turned every 24 hours, the jumper makes the has>" 
to start daily over one of the divisions on the circles. 

In the other method, the day of the month is shown on a moval>^® 
circle, whose revolution is made in 365 days. This circle should ^ 
as large in diameter as the square or circle of the dial, and its bread^ 
fully 1.25 inchi and made to turn on rollers inside, or on the back ^ 
the dial. The inside edge of this plate or ring circle, is cut into 3^^ 
teeth, a pinion of 8, on whose arbor is a star wheel of eight radii, 
which a jumper with a smart spring works ; one of the radii of 
star wheel, being turned daily by the month wheel, carries the cin^^* 
on, by means of the jumper and spring, one 365th part of its revol 
tion. On the annual circle are 365 divisions between circles, 
the names of the months, numbered and figured much in the 
way as in the former case ; a small index, made from the opening 
the dial, points to the divisions or days of the month ; the pinion C^^*^ 
8 has one of its pivots run into the fore-frame plate ; the pinion he»- ^ 
pivot runs in the dial, so as to pitch the pinion with the teeth insk 
of the circle. The opening in the dial may be one fifth or sizi 
part of the circumference of the circle, in order to show the moot 
coming on and going off. If the plate circle was made somei 
broader, the sun's equation and declination might be laid down on 
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is no occasion to describe the commun mouth-ring work, as 
it is well known to every clock jmaker. 

Ijunar Motion JVork: 

Tor a hination consisting of 29 days and a half, let a twelve-hour 
wlieel, with a pin near its centre, turn a tooth of a ratchet wheel of 
59, having on its arbor a hand pointing to a circle divided into 29^ 
finr days, in which time the hand will make one revolution, and, in the 
interim, it shows the age of the moon. This, though not giving 
a kmation completely, is more commonly done by a large plate wheel 
iMEving 118 ratchet teeth cut on its edge, and placed concentric with 
the circle of the arch of a clock dial ; at which centre there is a 
fltud, on this the plate-wheel socket turns, one of the ratchet teeth be- 
ing tnmed every twelve hours by the pin in the twelve-hour wheel. Near 
to the edge of the plate wheel, is a circular space divided into twice 
2^ for the days of the moon's age ; within the space are two full 
fifeces opposite one another, representing the moon, and coinciding neariy 
wilk the fifteenth divisions ; a small index fixed at the top of the 
u>cli, pointing to the circle of divisions, shows the day of the moon's 



On iSbe line forming the upper side or square of the dial, coincid* 
with that of the diameter of the semi-circidar opening in the arch 
of the dial, two semi-circular parts are formed from and above the 
Kne, whose diameters are equal to the moon faces, and as these, by 
the revolving of the moon plate, gradually emerge from or get be- 
Ithid^tfae semi-circular parts, making the phases of the moon to be 
flilown. It is usual to paint the ground of the moon plate a sky-blue, 
^lA t few stars of a gold or yellow color on it. 

A lunation of 29 days, 12 hours, 46 minutes, which is perhaps near 
^Hou^ for c<Hnmon ordinary purposes, may be given by a twelve-hour 
^^heelt having, concentric with it, a lantern pinion of 4 leading a wheel 
^ 459 on Uie a^s of which is a pinion of 12 leading the moon plate, 
i^ft^viDg 126 teeth cut on its edge. The pinion of 12 is keyed by 
of its socket spring-tight on the wheel of 46, for the conveni- 
of setting occasionally the moon to the proper day of its age. 
^^lie moon plate, with the opening in the arch, may be the same as 
l^eiiMe described, to show the age and phases. 

Should greater accuracy, and a nearer approximation to a mean lu- 
be required, seeing it consists of 29 d. 12 h. 44 m. 2 s. 8283 
we refer to pages 66, 67, 68, 69, for the solution of a problem 
^y CcnM», to find the numbers of wheel teeth and pinion leaves that 

40 
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shall give m tnie hniirthm. Audio pages 70, 71, and Tli hi'ft 

nation woik taj Jllw^pff diet gifee the time of a Iwitieii 

near; and abo to pagea M aiid67, fiir the mode adopted bjr 

m\aa Sphm% MmmmUf tofindnumbavaftrtiieiriiedaaDdpiBiaaM^ili 

to get a lonalioii ftr it, whidi bjr Urn ia aaid to comUki^'&t' % 

12 h. 44 m. S a. 61.|f|tli, mrmmg mtnie hmation to belt 4i^ 

44 m. Sa. 8S88, and taming it into di^a and dewmakofir/Jij^ 

have 29.68O0e6l9OA, ftc ftc; baft aa tina mmibar ii I^MlrWl 

very eanl^ brdken down into prapar fiMstofs, let oa take oil^- ai^ 

as six ofdie decimal flgurea, aiftd let it ta mina te al4 

which win give the hnwdonavet^litdein dafeet, aadhtM 

a mover of S4 hoom, we Ml tben have the tmAm AWit^m^ 

iWiVWtwliioh giveatfae ebven fiiDowing qnotjemih via, Mfe It* %Wlmm ^ 

2, 14, 1, 1, 84| and from them fimumg akamato lalioa in Aft? 

nemduchhaa fiinMrijr been shown: tina done, if wetriwfle 

ratio vfHrt we dnll obtain twopiniona of 19 and 87, and two 

of 120 and 178, which fimn a 84 hour mover, wiH gi«8' v 

of 29 d. 18 h.44m.8 a. 88976, vrinch ia only sboit of 

nation -^VWA* of a second^— an error so nnaU, at it 

above 67 days to amount to a second, and more than 11 

amounted to one minute. 



On TVnte, ond the E^puUion of Time. 

A table of the equation of time becomes absolutely neceasaiy 
the practical artist when regulating his clock, whether he takes 
sun's time from a sun-dial, a meridian line, or from a tranat 
strument Time has always been measured and defined by the 
tions of the heavenly bodies, and particularly by the motion tif 
sun, as being the most regular in his appareni revoIutionB. 
apparent day, however, or the interval between two suoceashre 
sits of the sun's centre over the same meridian, is subject to 
al variation, owing to the eccentricity of the earth's orbit, and 
quity of the ecliptic to the plane of the equator. These 
are inserted in a table, iN^iich is called a Table of the Equalian 
Time. The obliquity of the ecliptic is the ang^e made by the 
tersection of the equinoctial and ecliptic, or earth's orbit At the 
ginning of the year 1816, this angle was 23^ 27^ 46^' .4, and wUdi 
been found to decrease about half a second annually, and at the 
of the year 1826, it is 23^ 27Mr^2. A mean day ia the i 
that would be observed between two successive tianaitB of the 
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over die same meridian^ if the earth's orbit was ciicular* and the 
ran alwaja in the equinoctiaL Thus, the intervals betwixt the tian- 
wonld be all equal, such as are shown by an equal going clock, 
ooimts 24 hours in a day, and 365 days, 6 hours, 48 minutes, 
leoonds in a year. A clock or watch dius set, is said to be adjust- 
ed to mean time. 

The principal divisions of time, are the year and the day, which 
are measured by the apparent annual and diurnal revolutions of the 
■un. The day or the time which the sun appears to go round the 
eaithf is divided by clocks and watches into hours, minutes, and se- 
conds. The length of a tropical year, or the time the sun is in go- 
n^ from any point of the ecliptic to the same again, contains 365 
days, 6 hours, 48 minutes, 48 seconds. And the siderial year, or 
the time which intervenes betwixt the conjunction of the sun, and 
■ay fixed star, to his next conjunction with the same star, contains 
866 days, 6 hours, 9 minutes, 11.5 seconds. The difierence be- 
tivixt the tropical and siderial year is occasioned by what is called 
the procession of the equinoxes, which is the falling back of the equi- 
eoctkd points every year bO\ seconds of a degree, or one degree in 
73 jears ; so that in about 2160 years, these points change a whole 
sign in the zodiac. 

Time is distinguished according to the manner of measuring the 
^J, into apparent^ mean, and siderial. Apparent time, also called 
^*^m$ soiar and ^tronomical ftme, is derived from the observations 
^ the sun. Mean, or mean solar time, also called equaled titne^ is 
^ mean or average of apparent time, which is not always equal. Si- 
deml time is shown by the diurnal revolution of the stars. 

Mean time is deduced from apparent, by adding or subtracting 
ttie equation, as directed in the tables. A siderial day is the inter- 
nal b^een two successive transits of a star over the same meridian, 
wliidi interval is always uniform; for all the fixed stars make their 
■evolutions in equal times, owing to their immense distance, and to 
flbe onifonnity of the earth's diurnal rotation about its axis. The si- 
deriil day is shorter than the tnean solar day, by 3 minutes, 56 
■eooods neariy. This difference arises from the sun's apparent an- 
nual motion from west to east, which leaves the star as it were be- 
hind. Thus, if the sun and a star be observed on any day, to pass 
^ meridian at the same instant, the next day, when the star returns 
to the meridian, the sun will have advanced nearly a degree easter- 
^ : and as the earth's diurnal rotation on its axis is from west to east, 
^ star will come to the meridian before the sun, and in the course of a 
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you- the silt «ill tMve gunadailay on tba nm; dntii( it«B h 

passed the maidiMD 866 tunaB, wUle tbeaan willham .pMMditai 

363 timea. Now, u the nm appMra to perfbnn ha i 

360O in a year, or 86S days, 6 Jwun, 48 "i™'— t 

will deacribo 59' 8" .S of the edqilic ia s iky, at a 

this space, reduced to time, is neariy equal to 8 n 

the exceaa oT a meaD solar day above a aiderial isy. Ha^jj M M 

pears, that the eaitit lertdrea 59' 8" .8 more Ibaa one* nmiUm^immtik 

or 360° 69' 8" .8 in a mean eidar day, aad a conpleta nnjMiW^^JK 

360'^ in a ndecial day; Ihare&ce, the length of a ■iliiiil ii> ^ 

mean solar tin», may be fbond by this proportion, aa 860° M'JC^^ 

h. h. ■. it 
: 360 : : 24 : 18 08 4.1, the length of a aidwial day in mean m^ !» 
time, or the interval between two succesaive trttaaits of a elar a ~^n^ 
tbe BBme meiidiaD. 

From the, above propwtion results the foUowing gaterai nde, 
h- h. m. >. 
converting sideiia! mean time, and vice vtrwa; as S4 : 23 66 4. 1 
any portion of siderial time, to its eqidvalent in mean lime ; a 

h. in. ■. 
33 66 4.1 ; 24 : : any portim of mean lime to its equivalent 
derial time. For tomt ntal Fonmia m thit wnj, see Ke 
Splurict, page 208, Ed. Alh. 

The equation of time, or tbe diference between mean and q 
rent time, as already mentioned, arises fiom two causes, name^ 
obliquity of the ecliptic, and the eccentricity of the earth'a 
The greatest part of the equation arises from the former of 
c;kiiKe<i, and is found, by converting the difference between the a 
lungitude and his right ascension, as set down in the Nautical 
maimck, into time. That port which arises from the latter of 
causes, is obtained by convertiiig what is called the equation t^ 
centre into time. These two parts being added 
from each other, according as they have like or unlike signs, 
the absolute equation. By the equation of thr. eentr^ is meant 
difference between the sun's true and m«an anomakj; these neV"'*^ 
being the same but when he is in perigee or apogee. Set tkii n^^*^ 
jtcl more at Targe in Laiandaf Ailronomy, or any of Ihe wonb ^^^'^ 
p!iygical and practieal Ailnmomif. 

Mean and ajpparviU time, or the time shown by an eqial going doc— -^^ 
and a true sun-dial, are never tbe same, except on four dbys of ft — *** 
year, and these are the 15th April, the 15tfa June, the Ist Sepbc^^ 
ber, and tbe 24tb December. From Ibe 24lh December to the Ifit^^* 
April, the clock will be before tbe sun ; from tbe 15th April to ICtr^^ 
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DO, the sun will be before the dock ; from the 16th June to Ist Sep- 
nbery the clock will again be before the sun ; and from the 1st Septem- 
r to the 24th December, the sun will again be before the clock, and so 
in the same order. See the following tables ; or the equation in the 
intical Almanack with the daily differences, which are for noon at the 
igral Obeervatory at Greenwich. These differences are convenient 
Ml using the equation at any pkice distant from the meridian ot Green* 
du For example, the equation being wanted at Kingston, Jamaica, 
' die 6th December, 1821, which at Greenwich, for Uie noon of that 
f, « 8 minutes, 42.6 seconds, and the daily difference is 26.8 seconds ; 
■grtoD is 6 hours, 7 minutes, and 2 seconds, in time west of Green- 

h. 8. h. IB. 8. ■• 

di : Then say as 24 : 26.8 : : 6 7 2 : 6.6, which is subtractive 
VI the equation, as it is on the decrease ; this 6.6 seconds, then sub- 
cted from 8 minutes, 42.6 seconds, the equation at Greenwich, givea 
■bntee, 37 seconds, the equation at Kingston, and the equated time 
'tetday there, will be 11 hours, 61 minutes, 23 seconds. From 
0rt has been done, the process is obvious when the longitude is east 
good deal of the foregoing on the equation of time, is from Carejr's 
boMots of Astronomy, &c. and we shall take the same liberty widi 
ijfae's Elementary Treatise on Astronomy, by copying (mm it the two 
HomDg excellent tables. 
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Ul, Arising from the OhUquity of the EcUptic. | 


DisJ FMier. 


Diml Slower. 


Did F.«er. 


Dial SlowM. 






m f 


m B 




Mar. 21. 


00 


June 21. 00 


Sept. 23. 00 


Dec. 21. 00 


26. 


1 29 


26. 1 48 


28. I 39 


26. 1 48 


30. 


3 15 


July 1. 3 32 


Oct. 3. 3 15 


31. 3 3J 


April 4. 


4 46 


7. 5 08 


S. 4 46 


Jan. 6. 6 08 


9 


6 09 


12. 6 35 


13. 6 09 


10. 6 36 


14 


7 82 


17. 7 48 


18. 7 22 


15. 7 4S , 


19. 


S 23 


22. 8 46 


23. 8 23 


20. B A6\ 


24. 


9 09 


28. 9 26 


28. 9 09 


25. 9 at 


30. 


9 40 


Aug. 2. 9 49 


Nov. 2. 9 40 


29. 9 -^ 


May 6. 


9 .VJ 


7. 9 53 


7. 9 63 


Feb. 3. 9 i» 


10. 


9 49 


12. 9 40 


13. 9 49 


8. 9 40, 


15. 


9 26 


17. 9 09 


17. 9 26 


13. 9 W 

18. S 23 


20. 


8 46 


22. 8 45 


22. 8 46 


26. 


7 48 


28. 7 22 


27. 7 48 


23. 7 3S 


31. 


G 36 


Sept. 2. 6 09 


Dec. 2. 6 35 


28. € M 


June S. 


5 08 


7. 4 46 


7. 5 08 


Mar. 6. i U 


10. 


S 83 


12. 3 IS 


12. 3 32 


10. 3 It 


• 16. 


1 4S 


17. I 39 


17. 1 48 


16. I 39 

20. 00 



3d, AiisiDg from Ihe Inequali^ of the Sun'a Moticm. 




Dill fiuterthui Clock. 


Dial .lower tbu Clod. 




ID. •. 


n. ■ 


m. B. 


9~ *■ 




July 1, 00 


Oct 8. 7 43 


Doc. 31. 00 


Mar. sat *» 




7. 40 


& 7 42 


Jan. 6. 41 


I*- ' «\ 

10. 6 j; 

16. 6^2 

ao. 4^S 

81. 3 ^ 

itm 6. 8 1^/ 
10. 1 i0P\ 

16. 1 sr\ 


13. 1 19 


13. 7 37 


10. 1 33 


17. I 67 


1& 7 39 


15. 3 02 


33. 3 36 


33. 7 16 


20. 3 41 


38. 3 IS 


28. 7 08 


26. 3 19 


Aug. 3. 3 47 


Nov. 3. 6 46 


39. 8 66 


7.4 21 


7. 6 34 


Feb. 3. 4 30 


13. 4 63 


13. 6 39 


8. 6 03 


17. fi 33 


17. 6 32 


13. 6 33 


22. 6 60 


22. 6 02 


18. 6 39 


38. 6 14 


27. 4 30 


23. 6 24 


Sept 3. 6 36 


Dec 2. 3 66 


28. 6 46 


7. 6 66 


7. 3 19 


Mar. 6. 7 03 


13. 7 13 


13. 3 41 


10. 7 18 


17. 7 24 


17. 3 03 


16. 7 39 


38. 7 84 


31. 1 33 


20. 7 37 


81. 1 \9 1 


a& 7 40 26. 41 


36. 7 42 


m.aiol 
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By comparing the two tables, it will appear that the difierence between 
be clock and the dial is produced sometimes by one of the causes above 
mentioDed only* but more commonly by both ; that the effect of the one 
is often counterbalanced by the other ; and that the acticm of both causes 
IB sometimes combined. For example, the equation of time from the 
fint cause, viz. the obliquity of the ecUptic, is on the 21st March, min- 
Qtoi, seconds ; but from the second cause, viz. the unequal motion of 
(k ton, b 7 minutes 37 seconds. On the 5th May, the dial, by the first 
anWf 18 fiister than the clock 9 minutes 63 seconds, and slower by the 
neood cause, 6 minutes 14 seconds ; therefore the difference between 
ihem is the true equation, viz. 3 minutes 39 seconds. On the 2d of 
MafembeTf the dial from the first cause is 9 minutes 40 seconds faster 
hmm the dock, and by the second cause, 6 minutes 46 seconds also fast- 
r; oonaequently the sums, when added, will give the true equation, viz. 
6 Ininutes 26 seconds. By combining in this way the two parts of the 
qjiHtkMii, subtracting them when the dial is slower from the one cause, 
ad fiHter from the other, and adding them when the dial is &ster or slow- 
r ftom both causes, the true equation may be found for any day in the 
V and in the foregoing tables for every fiftti day of the yeaiT But in 
to save the time of the practical artist, we shall subjoin an extended 
i|nitkNi table for every day in the year, calculated for the second year 
Her leap year. 

The following Tables give the time that a well-regulated clock or watch 
hoQld be at, for every day of the year, when the sun's centre is on the 
ttfgjdian ; and in place of a common equation Table, these give what 
naj be called Equated Time, and wiU serve for ordinary purposes, 
hiougli the greater part of the nineteenth century. Those who take in the 
Vanlkal Almanack will have no need of them. 
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TABLE OF MEAN TIME AT TRUE HOGS. 



Thy. 


JANUARY. 


VEBRUART. 


MABOEL 


APRIL. 


H. M. a. 


H.M. 8. 


H. JIf. a 


AJt & 


1 





8 49.8 


18 67.8 


12 48.8 


4 4J 


9 





4 17.6 


14 6.1 


12 81.1 


8 18.7 


S 





4 46.7 


14 18.0 


18 lae 


08 MA 


4 





6 18.6 


14 18.1 


12 6.7 


8 loj; 


6 





6 40.9 


ouns 


11 62.8 


08 9kB' 

'1 


6 





6 7.7 


14 88.0 


11 88.4 


9MJ-* 


7 





6 84.1 


14 81.7 


11 94.1 


9 lis t 


8 





7 0.0 


14 84.6 


11 9.8 


S M. 


9 





7 86.4 


14 86.6 


10 64.8 


1 4M 


10 





7 60.1 


14 87.7 


10 88.7 


1 MJ 


11 





• 
8 14.8 


14 88.1 


10 89.8 


1 iojit 


IS 





8 87.9 


14 87.9 


10 6.6 


6U., 


18 





9 0.9 


14 86.8 


9 60.1 


oSr 


14 





9 23.8 


14 34.9 


9 38.8 


814 


16 





9 44.9 


14 32.1 


9 16.8 


7.1 


16 





10 5.8 


14 28.7 


8 50.9 


11 69 62.1 


17 





10 26.0 


14 24.4 


8 41.3 


11 69 374 


18 





10 45.6 


14 19.6 


8 23.5 


11 69 2t0 


18 





11 4.3 


14 14.1 


8 5.5 


11 69 9.1 


80 





11 22.4 


14 7.8 


7 47.8 


11 68 66J 


21 





11 89.7 


14 0.7 


7 29.0 


11 68 42J 


22 





11 56.2 


13 53.1 


7 10.6 


11 68 89.6 


23 





12 11.9 


13 44.9 


6 52.1 


11 68 174 


24 





12 26.7 


13 36.0 


6 33.5 


11 68 6.T 


26 





12 60.7 


13 26.7 


6 14.8 


11 67 644 


26 





12 64.0 


13 16.1 


5 56.1 


11 67 48.7 


27 





13 6.6 


13 6.2 


5 37.4 


11 67 88.8 


28 





13 18.3 


12 65.0 


5 18.7 


11 67 84.0 


29 





13 29.3 




5 0.1 


11 67 14.8 


30 





13 39.4 




4 41.6 


11 67 6.8 


31 





13 48.8 




4 28.2 
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TABLE OF MEAN TIME AT TRUE NOON. 



Oayi. 


MAY. 


JUNE. 


JULY. 


AUGUST. 


H* M» 8, 


H. , 


M, 8» 


H. 


M, 8, 


H. 


M» 8» 


1 

a 

3 

4 
6 


11 66 67.7 
11 66 50.2 
11 66 43.2 
11 66 36.7 
11 66 30.7 




67 19.9 
57 2a9 
57 38.3 
67 48.1 
67 58.2 









3 16.5 

3 2aa 

8 39.7 

3 60.9 

4 1.8 









6 68.7 
6 66.8 

5 61.8 

6 46.7 
6 41.6 


6 

7 

8 

9 

10 


11 66 26.4 
11 66 20.6 
11 66 16.6 
11 66 12.8 
11 66 9.7 


11 58 a6 
11 58 19.4 
11 58 30.6 
11 58 42.0 
11 58 63.6 









4 12.3 
4 22.6 
4 32.3 
4 41.7 
4 60.7 









5 86.7 

6 29.8 
6 22.8 
6 14.7 
6 6.4 


11 
12 
13 
14 
16 


11 66 7.2 
11 66 6.2 
11 66 3J9 
11 66 2.9 
11 66 2a8 




69 5.6 
59 17.6 
69 29.7 
59 42.0 
59 64.4 









4 59.2 
6 7.2 
6 14.8 
6 22.0 
6 2a6 









4 67i6 
4 48.1 
4 38.1 
4 27.6 
4 6.4 


16 
17 
18 
19 
90 


11 66 2.9 
11 66 3.8 
11 66 5.1 
11 66 7.0 
11 56 9.4 









7.0 
19.7 
32.4 
46.2 
58.0 









6 34.6 
6 40.1 
5 46.2 
5 49.8 
5 63a8 









4 4.8 
8 62.6 
8 89.9 
8 26.8 
8 18.1 


91 

91 
93 
94 
96 


11 66 12.4 
11 66 16.0 
11 66 20.0 
11 66 24.6 
11 66 29.8 









1 10.9 
1 23.8 
1 36.6 

1 49.4 

2 2.2 









6 67.8 
6 0.2 
6 2.6 
6 4.6 
6 6.8 









2 69.0 
2 44.6 
2 29 J^ 
2 14.0 
1 58.2 


96 
97 
98 
99 
30 


11 66 35.6 
11 66 41.7 
11 66 48.2 
11 66 55.5 
11 57 3.2 
11 67 11.3 









2 15.0 
2 27.7 
2 40.2 

2 62.5 

3 4.6 











6 6.6 
6 6.6 
6 6.2 
6 6.? 
6 3.6 
6 1.5 










1 42.0 
1 25.4 
1 8.6 
61.2 
33.4 
15.3 
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TABLE OF BfEAN TIME AT TRUE NOON. 



Days. 


SEPTEMBER. 


OCTOBER. 


NOVEMBER. 


DECEMBER. 


H. M. a. 


H. M. 8. 


Jz. ^L a. 


fl. 


jir. & 


1 
2 
8 

4 
6 


11 69 67.1, 
11 69 38.6 
11 69 19.7 
11 69 0.6 
11 68 41.0 


11 49 47.4 
11 49 2a6 
11 49 9.9 
11 48 61.6 
11 48 33.7 


11 43 46.1 
11 43 44.1 
11 43 43.8 
11 43 44.3 
11 43 46.6 




49 10.3 
49 33.2 

49 66.7 
60 20.8 

50 46.6 


6 

7 

8 

9 

10 


11 68 21.8 
11 68 1.4 
11 67 41.3 
11 67 20.9 
11 67 0.3 


11 48 16.0 
11 47 68.7 
11 47 41.9 
11 47 26.6 
11 47 9.4 


11 43 47.7 
11 43 60.6 
11 43 64.3 
11 43 6a9 
11 44 4.4 




61 10.6 

61 36.2 

62 2.4 
62 29.1 
52 66.2 


11 
12 
13 
14 
16 


11 66 39.6 
11 66 18.8 
11 66 67.8 
11 66 36.8 
11 66 16.7 


11 46 63.8 
11 46 3&6 
11 46 23.9 
11 46 9.7 
11 45 66.2 


11 44 10.7 
11 44 17.8 
11 44 26.7 
11 44 34.6 
11 44 44.1 




63 28.6 

63 61.4 

64 19.6 

64 4ai 

66 17.0 


16 
17 
18 
19 
20 


11 64 64.6 
11 64 33.3 
11 64 12.2 
11 63 61.1 
11 63 30.0 


11 46 43.2 
11 45 30.7 
11 45 18.8 
11 46 7.6 
11 44 66.9 


11 44 64.6 
11 45 6.0 
11 45 18.2 
11 46 31.3 
11 45 46.2 




66 46.1 

66 15.4 
56 44.9 

67 14.7 
67 44.7 


21 
22 
23 
24 
26 


11 63 9.0 
11 62 48.1 
11 62 27.3 
- 11 62 6.7 
11 61 46.2 


11 44 47.0 
11 44 37.7 
11 44 29.2 
11 44 21.4 
11 44 14.3 


11 46 69.9 
11 46 16.6 
11 46 31.9 
11 46 49.1 
11 47 7.1 





68 14.7 

68 448 

69 14.9 
69 46.0 

16.1 


26 
27 
28 
29 
30 
31 


11 61 26.8 
11 61 6.6 
11 60 45.7 
11 60 26.0 
11 60 6.6 


11 44 7.8 
11 44 2.0 
11 43 67.0 
11 43 62.8 
11 43 49.4 
11 43 46.8 


11 47 26.8 
1 1 47 46.2 
11 48 6.4 
11 48 26.3 
11 4S 48.0 











46J 

1 16.1 

1 44.8 

2 14.3 

2 43.7 

3 13.0 




I 
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A TABLE 



Of tht AcceknHon of tht fixed Stan, fitr S2 Dtyi. 



Dayi. 


H. 


M, 


. 8. 


Daji. 


H. 


M. a. 


1 





3 


66.9 


17 




6 


60.3 


2 





7 


61.8 


18 


1 


10 


46.2 


3 





11 


47.7 


19 




14 


42.1 


4 





16 


43.6 


20 




18 


38.0 


6 





19 


39.6 


21 




22 


33.9 


6 





23 


36.4 


22 




26 


29.8 


7 





27 


31.3 


23 




30 


26.7 


8 





31 


27.2 


24 




34 


21.6 


9 





36 


2B.1 


26 




88 


17.6 


10 





39 


19.0 


26 




42 


13.4 


11 





43 


14.9 


27 




46 


9.3 


12 





47 


10.8 


28 




60 


6.2 


13 





61 


6.7 


29 




64 


1.1 


14 





66 


2.6 


30 




67 


67.0 


16 





68 


68.6 


31 


2 


1 


63.9 


16 


1 


2 


64.4 


32 


2 


6 


48.8 



]lie stars will accelerate 3 minutes, 66.9 seconds, ereiy 24 hours, 
I clock keeping mean solar time ; if a clock is made to keep side- 
time, it will give the time marked in the Tables, according to 
number of days. The sun's right ascension, as given in the Nau- 
I Almanack, is the sideral time when the sun's centre is on theme- 
m. For example, on the 21st of March, 1826, a clock keeping 
iral time should be set hours, 2 minutes, 13.6 seconds, at the 
ant of the sun's centre being on the meridian. 
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invnnn roa^A^rfumr i: 



ISxm4 mantiaoed to oar iagmam fiieod, Mr. Sootti ^ hv 
mi^ take tinw, (dm^ not veir niool;) hj fixkg in ajiy nindaw 
ahuttsr bnn^ s BOuth flipoiimi a piece of biiM with a Email boln 
in il« to illinr Am mn's njrato ^OBW,iDto a daik ntom agabst a plum- 
met liiw «4wM dwdow would he oeee op dw Ofiposito aide of Ihu 
room; bj pineinnooei 1» Ifoo^tt bj degmoe to a very gmt 
Bice^. 'WiaJhne known him tike e ti«n«t oT dte Min by it lo halT a 
■eegnd ttrt » to- M7, than waa only half a aecond of difTOTcnco 
betwean dittilM'liikaa hy tba anb'a aemi-dwmetk, in pas»ng from 
the fint limb to dn mgf* oaatn, and from the ceDb-o to iho liui 
limb. /TUa nM 1w aSowedto be mpvat depeo of peeci^on. It 
IB weO kiowh Ihet bj aaj wnnmnn nwrirtt a n Ine, or sun-diul, ihit 
time oamot bt-lakiiB novar Hmn to 8 or 10 aoconds, \I even a> 
near. Wt riaD ^tc in hia own wocda bow Ae apparatus Tot ibit 



■* Hanog obtniedi I9 wxne of Ibe meana ua«ally resorted to, a 
coiToot nwu d itu Km; tot whict pmpoae diere ibould bo lixed 10 
a teo^artiy ytt abemif maoMrt and petfectly level, a piece ^ 
very flat and avoB deaHioaid about three &et long, in the wind«" 
recess, and «a near aa may be in the line of that part of it wfaare Ab^^ 
atrtuHeot is intedded to be erected : on this let the maiidiaa Gne ^ 
carefully laid down. 

" The next thing to provide is a piece of good steel-mre, abort ^^ 
inches lu^ and .35 of an inch in diameter ; one end of which Aif*^ 
be forged either into a square adapted to a key, or else into a ^'^ 
plate, diat it may be turned by the finger and thumb. A my ^v" 
and equal eciewis then to be formed upon the wire, after wfaidv 
it be put into a bthe, and about .4 of an inch of tta point (or ol^^ 
end,) tamed down into a cylinder, about .3 trf" an inch diameter ; n "^^ 
middlelengthpf which let therebehoUowedoutasmallgrooveabout.Q^^ 
aniachindiBmeter,andaboutlbe'Bamedepth; this groove should be f^^ 
well cleaned out and polished, as on it the plummet after described ia I 

" Tlie next thing to proaure, ia a stout brasa stod widi a aqle, i 
firmly riveted on or cast in the solid ; tliia stud should be at least 
inch hig^ above the sole, and .76 of an inch in breadth and 
it is then to be drilled at an equal distance from the top and ait 
and carefully tapped so as accurately to fit the screw oa Ibe sb 
wire : Ebur holes for screw nails being now made in the sole, and 
Gteel'wiie screwed into the stud, the whole should be finnly fixed 
iu the suffit of the window, pretty near (he sash, in such a 
tiiat the steel-wire screw may lie quite horiaontally, and in a dne 
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west direction ; and when equal portions of the screw are seen on 
1 side of the stud, the plununet shall, after bdng hung on the 
f6y be perfectly coincident with the meridian line drawn on the 
d. 

The plummet is thus formed. — Select as many of the smallest and 
liest, yet stout horse hairs, as will be sufficient fiiHy to reach from 
top to the sole of the window, and having joined these together^ 
vfait are termed fisher's knots, (whereby the small ends may be 
d|y cut off, without the risk of any of the knots slipping,) form 
I one end a loop, which is to pass over the groove on the cylindrical 
of the screw : on the other end a double or triple knot is to be cast : 
oit conical leaden plummet of two or three ounces weight is then to 
end down through its apex, .25 of an inch deep, by means of a fine 
de tooth, or some other small pointed instrument ; the knotted end 
he hair is then to be inserted, and the orifice of the hole gently beat 
d, so as closely to embrace the hair, taking care that it shall not be 
ed or injured, lest it should be unable to support the weight of the 
unet ; this is perhaps the neatest way of doing it, but it requires ad- 
8 and management 

nother way, however, is to take a common pin, and after cutting 
its point, turn it up into a hook a little bent backwards, that the 
le of the hook may be in a line with the straight shank, and in- 
ing the head and part of the shank into the hole in the plummet, 
e the lead round in the same manner as directed for the hair, and 
j^ it by a loop similar to that made on the other end of the line. 
I plummet should be immersed in a small jar of water to promote 
teadiness. 

A piece of well-seasoned wood, about five inches broad, three inches 
k, and sufficiently long to reach from the floor to (within the 
kness of a board placed on its top, for the double purpose of fix- 
, and preventing injury to) the ceiling, is now to be prepared ; 

edge and side of which should be planed quite strai^ and 
lodi, for the purpose of facilitating its being placed perfectly per- 
ficular : Take then three [sUps of hard wood, two of them about 

ftet long, so shaped, that when fixed to the post, they shall 
Q a hollow dovetail groove, to receive the third, which should 
about 18 or 20 inches long, and at least one inch broad on the 
er or narrow surface, the lower surface and sides fitting 
ing-ti^t into the groove formed by the other two pieces, which 

to be planted on the north side of the upright post, or that next 
the observer, close to the straight planed edge, and reaching 
bin a few inches of the floor. That this shding piece may move 
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easily, althou^ tightly fitted to the groove, it should be well ml 
bed over with black lead : and it would not be amiss Aat it war 
made fully thicker than the pieces which form the groove, in oidc 
that its upper sur&ce may be rather above the plane of the oHw 
two. 

^The use of this sliding piece, (to which the sight or ey»fieoei 
attached,) is, by being pushed down its groove, the sun may be iw 
through the eye-piece, even at his greatest north declination ; it iini» 
over serves when any of the knots on the hair plummet should bf w 
cident intervene between the observer's eye and the sun's diR| k 
bring a straight part of the hair opposite to the sun by sliding it np « 
down little more than a quarter of an inch. 

** The ejre-piece is formed as foUows : — A circular plate of htm 
about two inches diameter, and .08 of an inch in thickness, tiaiiiiii^ 
on one side in a sort of piUar about one inch long, all neatly Jio wai 
up and smoothed ; in the centre of the plate is drilled a small hobiiioi 
exceeding .016 or .018 of an inch in diameter, and the boir vd 
cleaned away ; on that side of the plate destined to be fiuHwBt fioi 
the observer, the small hole is to be deeply and iindely counteMori^ 
yet leaving a small part of the original bore quite entire ; two pntt] 
thick slips of brass, undercut so as to form a dovetail, are then to In 
pimied or otherwise fixed on the counter-sunk side of the plate, a 
right angles to the line of the piUar, and so far separate on each ndi 
of the centre hole, as will be sufficient to admit a dovetail bras 
frame, hereafler to be described. At the other extremity of the pil 
lar is formed a stout pivot, fitting into a socket ; the pivot has a grooT< 
turned upon it, in which the end of u screw passing through the aocke 
works, keeping it in its place, only admitting the eye-piece to tun 
on its axis, so as it may be made directly to face the sun whatever b 
his altitude. 

'* This socket constitutes a part of the remainder of the eye-piao 
whereby it is attached to the wooden slider ; on the front or outside o 
the socket is prolonged or continued a pretty stout brass plate, eitte 
soldered on or cast in the solid, and this carries a hoUow cylinder, whic] 
is made to turn, (and secured from coming off by a screw, nut, an 
washers,) on a strong pin or stud fixed by means of a sole to the ^^ 
ing wood ; this last part serves to turn up the eye-piece to be out ' 
the way when not in use ; and when let down for the purpose of ID^ 
ing an observation, the bottom of the socket rests on thc*edge of ^ 
upright post, and keeps the pfllar of the eye-piece always in a h^* 
zontal position. 
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^ mk ragud to the brass fimne, it should be in length about the 
fmastoi of die circular brass plate of the eye-pieee, besides a pro- 
Mjifan fiMrmedtoserveasafaaikUeto push it up and down in the 
puofB ; its broader or under surfiu^ should be in width about .6 of 
n indit and, oonsequentlj, the upper surface as much narrower as 
b iloped aides of the two pinned on dovetailed pieces, will natu* 
ilf lequire it to be ; in this upper surfiice is formed a hollow or re» 
■aiy nearly the length and breadth of the fiame, and of sufficient 
lflii» havipg onlj a narrow rim below, to receire and support a slip 
ttmhMOBl thin and equal crown glass of like size, and above it a 
fring-wire to keep it in its place, similar to the wires used for the 
1117 siqis of microscopes, onlj a good deal stronger. 

**IliiB alq) of i^ass is to be smoked by a lamp or candle, so that there 
U be a gradual diminution of shade from one ead to the other, 
in the deepest, and ending in the slightest tinge ; by 
means, the sun may be viewed in all stages of Us brilliaDcy, 
haiAat of his utmost splendor, to his being barely visible through 
kBdonds. And herein is a great advantage over using Claude Lor^ 
■ns^ssns, as in an instant all the intermediate shades between the 
JlMwt^nd very deepest may be obtained. 

** AD thiogs being now prepared, the wooden post is to be set up at 
kdiitanoeof about 4 feet north of the plummet, observing that the 
toikid side, bearing the dovetailed groove and eye-piece, is to be 
fhoed as before directed, and the straight edge brought just so near 
A dM meridian line, that when the eye-piece is folded down, it, the 
ModiBn line, and the hair plummet shall be exactly in one plane. 

^Ab to the mode of fixing the upright post, afler being carefully 
St quite perpendicular and exactly in its proper place, the best way, 
i^bf means of square-knee'd pieces of iron, screwed at top and bot- 
Dn to the straight edge, the floor and ceiling, as well as on each 
ids ckise to the strai^t edge, without oth^wise attempting to con- 
Beflie rest or remainder of the sides, or even the remote edge, ex- 
9ipt hf fillets nailed to the floor and ceiling ; that, should any cling 
V contnction take place in the upri^t post, the straight edge shall 
til times maintain its perfect perpendicularity and first position. 

*Itmqr be necessary to observe, that in order to verify the true 
iQiidian position of the plummet and eye-piece, it would be as well to 
QQipare the result of several trials of it, with the time given by a 
^ regulator or astronomical clock, allowing of course for the equa- 
^ and after being peifectly satisfied of its having been brought, by 
ictns of the adjusting screw which moves the plummet, precisely in- 
^Ihe proper line, then remove the board on which the meridian was 
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laid down, and endeavor to find some iixed mark or object* at die 
lance of 80 or 40 jards, with which the hole in the eye-piece and tfaete 
coincide ; and this will, at all future times, serve as a mean of re-a^yosi 
ing the instrument 

^ With such an apparatus as above described, after a very little pno* 
tice, the sun's meridian passage may easily be taken to at least wAm 
two seconds; and if the observer has much turn for accuracy, it nay 
generally be done within even less than one. It is not, however, so veD 
adapted for taking the meridian passage of the fixed stars ; for bendee 
the difficulty of throwing a sufficient light upon the hair, to cause it to be 
dbtincdy seen at night, the small hole in the eye-piece transmitB softw 
rays from a star, even of the first magnitude, that it seems to dwinle 
into the obscurity of one of the sixth or seventh. But for observitkios 
of the sun, the smaller the hole, and the greater the distance betweoiiK 
and the hair plunmiet, so much more accuracy will be obtained in &» 
observations. Neverdieless, should the hole be found inconYCiMfltff 
small, it can easily be a little widened by a small broach. 

** jydte, — ^In placing the smoked glass in the frame, the obscured ade 

should be placed under, resting on the narrow rim, so 'that wbenfo 

frame is put into the dovetail groove, there may be no risk of the coat of 

smoke being injured or rubbed off. 

J.S. 

" Edinburgh, J^ovtmber, 1825." 



CHAPTER XVI. 

On Repeating Clocks and Watches, 



To those who do not sleep well, nothing can be more convenient al* 
useful than a repeater, whether it is in a watch, or in a small fixed doc* 
A history of this invention is given by Mr. Derham, in his ArHficial dod 
inaker, Berthoud, in his Histoire, has given the following account of * 
which is taken chiefly from Derham : 

" The art of measuring time," says Berthoud, " was again enrich^ 
with two fine and useful inventions, before the end of the seventeeo^ 
century. One was the equation clock ; the other, which isthe'mo^ 
precious, and of the most general utility, is that kind of stiikiii! 
which has been called repeating. It is of the most ingenious m^ 
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chaniam, and, when added to a clock, serves to make known at plea- 
suret at every instant of the day or night, without seeing the dial, 
to hour, and parts of the hour, which are pointed out by the- hands 
of the clock. .Both these inventions arc duo to the English artists." 

** The clocks in question hero ," says Derhani, *' are those which, 
by means of a cord, when pulled, strike the hours, the quarters, and 
even some the minutes, at all times of the day and of the night. This- 
ibikiDg, or repeating, was invented by a Mr. Barlow, towards the 
€odof the reign of King Charles II. in 1676." 

It is not mentioned by Derhara whether Barlow was a watchmaker or 
aot. We have hoard it said by old '.vatchmakcrs, that he was a clcr- 
fpauL This seems in some measure confirmed, by his having appli- 
ed to Tompion to make his repeating watch, when he was about to ob- 
taio a patent for the invention. 

''This ingenious invention," continues Berthoud, *' which had not 
been before thought of, made at the outset a great noise, and much 
ogaged'the attention of the London watchmakers. On the idea 
ikae iHiich each formed of it, they all set to work to try the same 
tiling, but by very different ways; whence has arisen that great va- 
not^mthe work of repeating motions, which was seen at this time in 
I^Nidon. 

** This discovery continued to be practised in chamber clocks un- 
til the reign of James II. It was then applied to pocket watches. 
But there arose disputes concerning the author of the invention, of 
vhich I shall simply relate the facts to the reader, leaving him to 
lidge of it as he thinks proper." 

Towards the end of the reign of James II., Mr. Barlow applied 
his mvention to pocket watches, and employed the celebrated Tompion 
to make a watch of this kind according to his ideas ; and, at that 
^, conjointly with the Lord Allcbome, Chief Justice, and some 
^Hhers, he endeavored to obtain a patent for it 

Mr. Quare, an eminent watchmaker in lA>ndon, had entertained 
Ihssame notion some years before, but not having brought it to pcr- 
ftclion, he thought no more of it until the noise excited by Mr. Bar- 
Wa patent awakened in him his former ideas. He set to work, and 
briied his mechanism. The fame of it spre^id abroad among the' 
VMdunakers, who solicited him to oppose Barlow's privilege to obtain 
I patent They addressed themselves to the court ; and a watch of 
ths invention of each was brought before the Kijig and his council. The 
iCng, ailer having made trial of them, gave the preference to that of 

If. rfc 
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The difference between these two inventions is this : — ^The repetiti^isi 
in Mr. Barlow's watch was effected by pushing in two smaU 
one on each side of the watch-case, one of which repeated the 
the other the quarters. Quare's watch repeated by means of one ptu 
only, fixed in the pendant of the case, which, being pushed in, mtide 
the repetition of the hours and quarters, the same as is done at pcne* 
sent, by pushing in once only the pendant^ which carries this pin* 

This invention of repeating the hours in small fixed clocks and in 
watches, was soon known and imitated in France ; and these machin^K^ 
were very conunon in 1728, when the celebrated Julien he Roy* 
much occupied in their improvement It was at this period that 
made the repeating clock, of which a description is given at the eod o^ 
J%e Artificial RuU of Time. This was made for the bed-chamber o^ 
Louis the Fifteenth of France. 

The first repeaters, even those of Quare, as well as others, gave tfai^ 
number of the hour according to the length pushed in of the pendant 
which was very inconvenient, by striking improper hours, when the 
dant was not pushed home to the snail. This frequently caused 
takes in regard to the true hour, which ought to have been given. W^' 
have heard our predecessor, Mr. James Cowan of Edinburgh, who 
to Paris in 1751, for improvement in his profession, and who 
8ome pieces under Jtdien Le Roy, say that Le Roy introduced tfx^ 
mechanism into the repeater, which prevented the watch from strikim^ 
any thing but the true hour. This, we think, was done to the repeal- 
ing clock for Louis the Fifteenth's bed-chamber. In this construct - 
tion, it struck none, unless the cord or pendant made the rack go Miy 
home to the snail, when it struck the true hour, which was * a veiy cox:*- 
sidcrablc improvement. The piece employed for this purpose is call* 
ed the all or nothing piece. Considering the great talents which J^^' 
lien Lc Roy possessed, we have no reason to doubt of this impro'V- 
ment being his. 

" Although the repetition" says Berthoud, ** such as is now m^^ 
practice, is a particular kind of striking, its mechanism differs totally 
from that of the striking clock. Ist^ Because every time that it 
made to repeat, the main repeating spring is wound up, whereas 
the common striking part, the main-spring is wound up only once 
eight days, fifteen days, or a month. 2c^ In the repetition we m 
substitute for the count-wheel, which determines the number of bio 
that the hammer must strike, a contrivance wholly different Tt^^ 
first author of this ingenious mechanism, substituted for the com*-' 
wheel, a piece, to which, in regard to its fonn, he gave the name 
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the muni. The snail is a plain piece, divided into twelve parts, which 
is fbnned of steps, and they come gradually in from the circmnfe- 
Tcoce towards the centre. It makes a revolution in twelve hours. 
Each of the steps is formed by a portion of a circle. Eveiy time 
that the clock is made to repeat the hour, the pulley which carries 
Ae cord is connected with and turns a pinion, which leads a rack, 
whose arm falls on one or odier of the steps of the snail, an the card 
hemg puUedj and regulates the number of blows which the hammer 
oo^t to give; as the snail advances only one- step in an hour, 
it follows, that if it is wanted to be made to repeat at eveiy instant 
m the hour, we shall have always the same number of blows of the 
hunin^ ; whereas, in setting off the wheel work of an ordinary strik- 
ing movement more than once in the hour, we should have a difier- 
ent hour. A count-wheel would then not be fit for a repetition. 
The mechanism of the repetition has a second snail, which bears four 
steps also in portions of a circle, to regulate the blows which the 
qoarter hammers must give. 

The count and hoop wheels; and locking plate of the old striking 
clocks, for regulating the number of blows of the hammer, and lockf- 
iDg the wheel-work, was excellently contrived. It had <»ily one in- 
convenience, for when set off by accident, it would prematurely strike 
the hour to come : this made it requisite to strike eleven hours before 
it could be brought again to the hour wanted. Had it not been for 
ttie invention of the repeater, these would have continued, and would 
have been still made in the modem clocks, the same as in the ancient 
ones. But the snail of the repeater showed that it could be adapted 
br regulating the number of blows for the hammer of a common 
itriJdng clock, and has prevented the inconvenience of striking over 
^ number of hours before the clock could be set to the right hour 



^ We owe to Julien Le Roy," continues Berdioud, '^ the sup- 
"^^CMing of the bell in repeating watches, a change which has made 
'^^se machines more simple, by rendering the movement larger, 
^<^re soUd, and less exposed to dust These watches, which he call- 
^ raised brass edges, are of a more handsome form. From the 
"^^ of this celebrated artist, all the French repeaters have been 
''^^le according to this model; but in England, where repeating 
"^^hes were invented, they make them for the most part with a 
'^U ; and in Spain, this construction is still more preferred. In re- 
'^citing watches without a beU, the hammers strike on brass pieces, 
'^^r soldered or screwed to the case. Repeating watches with a 
^^ have also, as wdl as those vfUhaui one, the property of being 
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dumb, thjit is to my, rqxiating at pleasure, without the hammers hekzz 
allowed to strike on the bell or brass pieces." 

Tills eflect is produced atler the pendant is pushed in, by puttii 
the point of the fore fmger on a small spring button that 
thri)ugh the case. Being a little pressed in, it opposes a piece agaii^^ 
tb; hanuners, which prevents them from striking either a bcU or th« 
brass pie4;es inside of the case ; by which means the blows for bowYa 
:uh1 quarters are felt, thought they cannot now be e€isily heard. Thase 
kiud of repeaters are found very convenient for those who arc deaC 
iL^ diuing the dark of night they can feel the hour at a time wheo 
they cannot 8ee it These sourdine or dumb parts have been leA 
otl* of late years % yd they are not without their advantages, as bafe 
bren now shown. 

The late Julien Le Roy had tried to render repeating watches looie 
>imple by suppressing the wheel- work wliich ser\'es to regulate tbe 
intervals botwern the blows of the luunuR-rs, and also the mainrcpeil- 
111:1 spring. This cclrbnitud artist suc(«»edcd in constructing nwr 
rc]>eating movoments, of which several have been made on this phn* 
But it ap|)ears that the public have not fouiul them veiy coDTVoi* 
cut, so that ibis mode of constructing tliem has not lieen imitated. 

Tho iuily one of this kind which we have seen of Jidien IjC Aoy*«i 
v^as a very ;;o«.k} one, in the possession of •li>hn Rullierturd, Esq. of 
iliLorston. Vlthough they have Uva Inen ct^pied. they certainly dt^ 
se.\o 10 be s(». 

Re^'oaiers lune, of lato, been made wi:li .-prii^s in place ol 

■ . il^, a \erv ingenious substitute, it rni--t i«e ;illi.»'At:d/ of SwiSi? 

:\':i:i.«ru iht.ii^jh they are as >urper!lin>ii'i as In. lis. (onsiderable 

: ■iiiile i-i i:eees-ary*tii nuikinj: and phuini: tii^ i:J. They ought ne- 

.-T t.i be HMMimmended. if it cuuM Ih.^ a\"id' d : but wc are often oblig- 

! l" vield 11 the Li-hi»>n of the day. i\o!i wliMi it d«>?s not COID- 

: :. V, uh our uwn opinion. When thnt- ^'f nit-rt- hanunen? are usw 

^:\\' the e.'i:ir.-.rs, \rv then w .jiui a.l.r.ii si^nrc^ m place of belbi 

.-. w:*- n li; y an. w^ll rmod. th- v l'iw* » ir.- ^t Ua-jihuI chime fi» 

• . . . . : ; i..-. . : s. W i re W ! U i:-itr«>.::c t •: i'.»r i h: > y :r > ■ >•. , they wouki gi« 

...:::>-. i' :-:.\.rj.r.v: i- iL. wai^i. J :'.■ :i I.^ U- ;• ?aw ^inid re»- 
- :> :■■: r".::.:.z .i-i :- t:. :•'! : .■:. i v.* ;' - - ■ :' ^ :^>;ii:cr will ever 
■ - :-n-r'r ^ : :' : :■.:■■.• :" h>. v ... :: li:..:. iXi^itcdy a-iopteA 

: .i: "i ■'!' '.>^-::i.-. '^ '^'l ::> : ; ■■.'.:.z ■■ --^ ^> -^« »: Liferent • 

• ■■ :-!.i;jL:.j. ir.i rL->. •:x-: .1 ■:. : . r.-.i"i.:v * ^^=^ [m^di.ii i^ 
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*iich repeater with it, yet it is not unknown to the foreign artists, 
appears from Thiout's Work. Tom. 11. p. 367, Plate XXXVI. 
, 3. Parisy 1741. This repeating motion must have got its 'name 
n the inventor. Upon inquiring afler him when in London, in 
I year 1770, we learned, with much regret, that he had died a few 
ipths before, in a charity work-house, at a very advanced age. 
le name appears to be German : but whether he was a foreigner or 
iglishman, we have not been able to learn. 

We shall now lay before our readers a complete description of the 
[Siting movement and motion-work of clocks and watches, which 
) have taken principally from Bcrthoud's Essai tur DHorlo' 
Tie. 

Clocks that have a striking part, strike of themselves the hours, 
id some strike the hours and half hours ; those having a repeating 
St, ttnke the hours the same as other clocha^ InU ike repeating 
wi acta only on a cord connected toith that particular portion of 
M work bemg puUed. In repeating watches, when the pendant or 
idler is forced home, one hammer strikes the hour, which the hands 
lint to on the dial, and the quarters are struck by the blows of two 
umners. We shall see by the description of a repeating clock, how 
is is produced ; but before doing so, wo shall give a general idea 
TtUs ingenious mechanism, which is nearly the same for a clock 
libra watch. 

In order to make a clock repeat the hour, (see Plate XII. No. 64.) 
te cord X is drawn, which is wound round the pulley P, fixed on 
le arbor of the first wheel of a particular wheel-work, the sole ob- 
ct of which is to regulate the intervals between each blow of the 
UBDer. The arbor of this wheel has on it a hook, which takes hold 
r fe inner end of the repeating maui-spring, contained in the bar- 
^B, No. 63. On this arbor is also a plain wheel 6, having 15 
BIB in it, which serve to raise the hammers, twelve of them for the 
OVB, and three for the quarters. The number of blows that the 
ow hammer strikes, depends on the greater or less course which the 
>&-idieel 6 is made to take when pulling the- cord ; and this course 
spends itself on the hoiv pointed at, by the hands on the dial. Thus, 
*the cord is drawn when it is twelve hours and three quarters, the 
BK'Wheel is obliged to make an entire revolution ; at this instant the 
Seating spring brings it back, in which course it makes the ham- 
^ give twelve blows for the hotu^ and then three for the quarters. 
distinguish the quarters from the hoiu^, a second hammer is add- 
» which with the first, makes a double blow at each quarter. 
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It raoit now be diown by wbat meaos the course which the pisf-' 
whed takes, is regulated oq the coid bein^ pulled, and how it is pro- 
portioDed to die hour which the hands point to on the dial. 

A wheel S, or minute whed of the dial work. No. 65, has its vbor 
prolonged and outside of the back of the pillar plate. In ihk esK, 
amd ta eommum^ the repealn^ work u put hehoten the did mi 
fart ptate of Ike frame.* It canies the piece s A, No. 64, die pi 
of which C, turns the star whed £, which takes twelve hours togo 
ooce round, and carries with it a piece L, called the hour snail, difid- 
ed into twdve parts, tending to the centre of the star wheel. Eseh 
of tinse parts fonns difier^it depths, like as many steps, whidi gn- 
dually come nearer the centre, and which serve to r^ulate the Mn- 
ber of the hours winch the hammer must strike. For this poiposei 
die pulley P canies a pinion a, whk:h pitches in with a portiofi of a 
iHied C, No. 64, caOed the rack. ¥^n the cord is pidled, and A» 
rack is in consequence made to advance towards the snail, the am ^ 
stops on such a step of the snail as it may meet with hi its couna; 
and, according to die depth of this step, the hammer stiikes a greakr 
or less number of blows. It wiQ strike <»ily one hour if the amt 
of the rack is stopped on die step 1, the most distant one fiom As 
centre, as then the pin whed getting only one of its pins eogagei 
the hammer strikes only one blow. If, on the contrary, the steplSi 
which is the deepest and the nearest the centre, is met by the ami ^in 
its course, which cannot get there until the pin wheel shall have made 
one turn, then the spring in the barrd bringing it back, wiD caose 
the hanmier to give twelve blows. 

It remains to be seen how the quarters are repeated. The piece 
f , No. 64, which turns the star whed, and takes one hour to make i 
revolution, is carried by another snail, h^ called the quarter tnA 
formed by four divisions, making three paths or steps, on one oT 
which, when the cord is pulled, the arm Q of a piece Q D, called die 
finger, places itself, and according as the step is nearer or farther fisD 
the centre of the snail, the end D of the finger finds itself moiear 
less aside from the centre a of the pulley P, so that when the pd 
of the cord is finished, and the pulley returns by the force of die 
spring in the barrel, one of its four pins acts on this finger, nameljt 
the one which it finds at a distance from the centre a, which answeia 
to the devation of the arm D, and this is what determines the blowa 
for the quarters : Thus, when the finger is af^lied on the pin nearest 

* This part of the repeating work, with the dial wheels, go under the geoenl 
aaoie of the motion work. 
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centre of the pulley, the hour hammer strikes only the number of 
rs that the snail L, and the arm b of the rack have determined. If 
finger is placed on the second pin, it does not stop the pulley till ailer 
hour hammer has struck the hour, then a quarter, and so on for the 
16 quarters. Having thus given an idea of the essential parts of a 
)ater, let us now proceed to a particular description of a repeating 
;k with an anchor 'scapement. 

^late XII. Nos. 63, 64, and 65, represent all the parts of a repeating 
k seen in plan. No. 63 represents the wheels and pieces contained 
lin the frame, or what are put between the two plates, with the 
Bption of the anchor A, which is placed in this way, to show the 
ipement 

[lie wheels B, C, D, E, F, are those of the movement B is the 
«1 which contains the clock main-spring. The great wheel is fix- 
to the bottom of the barrel B, and pitches into the pinion of the 
iel G, which is the great intermediate wheel, D is the third or the 
tre or minute wheel. Our workmen give the name of minvte^ 
!e/ to what Berthoud gives the name of the retummg-wheel ; and 
U he calls the mmu^e-u^^ee/, obliges us to make it the centre or third 
«/, in conformily to his language. E, the fourth wheel, or that where 
contrate wheel was usually placed. F the ratchet or 'scapement 
3el. The centre wheel D makes a revolution in an hour. The 
ion on which this wheel is fixed, has its pivot prolonged, which 
laes through the fore plate No. 65. This arbor or pivot enters 
ing tight into the cannon of the minute-pipe wheel m, seen in 
spective figure 2, which makes also by this means a turn in an 
ir. This cannon carries the minute-hand ; and its wheel m pitch- 
into the returning or minute-wheel S, of the same number of 
th, and of the same diameter as the wheel fn. The pinion of 
t wheel S makes twelve revolutions in the time that the hour- 
eel C makes one. The wheel C, which is one of the dial wheels,. 
:e8 then twelve hours to make one revolution, and is that which 
fries the hour hand. 

It must be observed, with regard to these three wheels, C, m, S, 
lich are called the dial wheels, that they are always the same, whe- 
>r the clock is a striking one or a repeating one : their effect caus- 
l the hour or dial wheel C to make a revolution in the space 
twelve hours. The wheels G, L, M, N, No. 64, and the fly Y,. 
m the wheel-work of the repeating part. The object of this wheel- 
vk, as has already been mentioned, is to regulate the interval be- 
eeo each blow of the hammer. The ratchet R, and the pin whde) 
, are fixed on the same arbor in common with the wheel L, 
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whoso centre it freely turns. The spring R and the click c, are 
on the wheel L. 

\Micn the cord X, which is wound round the pulley P, No. 64« ii 
pulled, the ratchet R, No. 63, fixed on the same arbor as the puDef, 
r<;trograde8, or goes backward, and the inclined planes of the teetb 
raise the end of the click at 0. Then the repeating spring bringi 
back the ratchet, whose teeth butt or stop against the end of the clicki 
which carries about the wheel L, and the wheel work M, N, Y : but 
wliile the ratchet R thus carries the wheel L, and while the pJD 
wheel G, and the pulley P, which are fixed on the same aibor, 
turn also, the pins of the wheel G act on pieces m, n. No. 63, iriioie 
arbors prolonged carry the hammers /, ni, No. 63. Each piece si, s, 
is pressed by a spring to bring forward the hanuncrs, af\er the piu 
had made them rise up or go backward. The spring r is onlj MCOi 
which acts on the piece m ; that which acts on the piece n is pbenl 
under the plate which carries the motion work. No. 64. The pisoe 

serves to communicate the motion of that of m to the arbor or pieoe<t 
which carries the hour hammer. 

The piece, (bascule^) or see-saw m j*, No. 63, is movable on As 
arbor which carries the quarter hammer. On this arbor below m 't 
an arm like that of m moves, on which act the three pins placed ^ 
the under side of the wheel G. These three pins serve to raise ti» 
quarter hammer fixed on the arbor which carries -the piece w. It * 
this hannner which the spring r presses. When the cord is puU^ 

1 he wheel G is made to go backward, the pins of which come to act ^ 
ihe back part of the ann w, which yields and comes from m to or. X*^ 
siiiall arm which is below for the quarters, makes the same motion ; 9^^ 
whoii the repeating spring brings back the wheel G, a small spring, whi^^" 
acts on these pieces m, obliges them to get engaged between the spaC^^ 
of the pins, and to present tiie right planes on which these pins act *^ 
raise the hammers. 

Thcj pulley P, No. 64, carries the pinion a, which pitches into the ra- *^^ 



h (\ th(^ effect of which is, as has been said, to make the point b go u[ 

the stc[>s of the snail L, and determine the number of blows which t—-^ 

lujnr hammer must give. 

Tlie star wheel E, and the snail L, are fixed together by two scre^ 
This star moves on a screw stud V, No. 64, attached to the piece T 
movable itself in T. This piece forms, with the plate, a small 
III which the star R and snail L turn. One of the radii or teeth 
the star l)ears on the jumper Y, which is pressed by the spring 
\Micn the pin C of tiio quarter snail turns the star wheel, the jum( 
**r V moves out, receding I'roni V, tiie centre of the star, until tl 
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^odh of die star anives at the angle of the jumper, which ha^^ns 

^rlna it has made half of the way which it ought to do. Having es- 

aii^e« the inclined plane of the jumper pushes it behind, 

makes it precipitatelj finish the other half; so that from the 

ofatnging of one hour to another, that of the star and of the snail is 

d<xiB in an instant, which is when the minute-hand points to the 60th 

minite on the dial. 

The jumper finishing thus in turning the star wheel, each tooth 
placed in e comes on the back of the pin r, and makes the surprise 
ap to which it is fixed, advance. The surprise is a thin plate, adjusted 
on the quarter snail ; it turns with it by means of the pin which comes 
ftroo^ an opening made in the surprise: the advance which the 
siv-wheel teeth causes the.surprise to make, serves to prevent the arm 
H of die finger from falling into the step 3, which would make the three 
favten repeated when at the 60th minute. As soon as the star changes 
fte hour, it then obliges the surprise to advance to receive the arm Q ; 
so ftit if the cord is pulled at this instant, the hammer will strike the 
piecisehour. 

Hie arm Q and the finger are movaUe on the same centre. When 

We lutve drawn the cord, and when the pins of the pulley have freed 

or left the finger at liberty, then the spring p makes the arm Q fall on 

^quarter snail, and the finger D presents itself to one or other of the 

piDi in the pulley. These two pieces can turn one on the other, and 

be moved separately. This serves in the case where the arm Q going 

to All on the step h of the quarter snail, and the finger D being engaged 

^ fte pins of the pulley, this arm bends and yields to the pins of the 

PoUey, which at this instant cause it to retrograde, or go backward ; it 

** noceflMiy that the pin for the present tn hold can make the finger 

'kiofe separately from the piece Q. The spring B brings back the finger 

A as soon as the pin has retrograded, so that it may present itself to the 

Piii which stops for the hour alone, or for the quarter, if the arm falls on 

^be step 1, &C. 

pointed out the most essential parts of the repetition, there 
only one of which an idea must be given, and which we shall on- 
to make the reader understand. This is the a/2 or nothmgy which 
this property, that if the cord is not fully drawn, so as to make the 
i of the rack C press on the snail L, the hammer will not strike, so 
^IM bj this ingenious mechanism the -> piece will repeat the exact hour ; 
^ ettierwise, it will not repeat at all. 

We have seen, that when the cord X is pulled, the pin-wheel G 
^^enets the piece m and makes it come to x ; and that before the 
^^>nmer can strike, a small spring must bring back the piece m to 

43 
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put in holding with the pins; after that, it is easy to see tfait if, 
in place of allowing the piece m to take its situation, it wore vamdm 
still more to be overset, the repeating spring bringing back the pin- 
wheel, the hammer would not strike while this piece remained owvi^ 
set : this is precisely the effect that the piece T R (No. Gi*) produ- 
ces, which is on that account called ihe aU or nothing piece. X*kii 
is effected in the following manner : the piece m (No. 63,) caniei t 
pin, which goes through the plate by the opening o ; if we pull the cord. 
the pin-wheel causes the piece m to move, as we have just now dfr* 
scribed. The pin which it carries comes to press against iStue end o tf 
the ail or nothing piece, and sets it aside, so that the pin shaU unve it 
the extremity, which is a UUle inclined ; but the spring cf, tending t» 
bring back the arm o, the inclined plane obliges the pin to descrite 
still a small space which takes the arm m (No. 68,) entirely out of 
the reach of the pins, so that the hammer cannot strike unleM Ike 
pin is disengaged from the end of the arm o. To effect thisy Ike 
arm of the rack must come and press on the snail L, which momm M 
a stud y, fixed to the all or nothing piece T R. Now, in prwwring Ike 
snail, the arm o of the pin is set aside, which, getting free, gives Kbdtf 
to the arm m to present itself to the pins of the wheel 6, and to tki 
hammers, that of striking the hours and quarters given by the dial iroA 
and bands. 

The ratchet R (No. 63,) is that of the click and ratchet work rf 
the movement, c is the click, r the spring. The ratchet R is put <» 
a square of the barrel arbor ; this square being prolonged, serves ^ 
wind up the spring by means of a key ; B is the barrel in which the 
spring or motive force for the repetition must be put ; V is a screw 
called the eccentric or pivot-carrying piece ; on the part which entcf» 
with force into the plate, a little out from the centre of the aibor « 
the screw, a hole is made for the pivot of the anchor A. In makUf 
this screw turn, the pivot of the arbor of the anchor is made to tf^ 
farther or nearer the centre, and consequently the anchor itself, •^ 
that the points of the pallet take more or less in, according as it >^ 
required with the teeth of the 'scapement wheel. A, (No. 64,) "• 
the cock of the 'scapement, it carries the silk thread or spring, to wb»^ 
t he pendulum is suspended. One of the ends of the silk thread ^ 
attached to the arbor c, which is called advance or retards, (fast ^ 
slmc ;) the other end of this arbor goes through to the dial, and ^ 
squared to receive a small key. By this means we can tuM^ 
the arbor c, to any side, so as to lengthen or shorten the silk Utati^^ 
which serves to suspend the ponduhim, whose length is changed *' 
this method. 



REPEATING CLOCKS AND WATCHES. 3S9 

be anchor A, (No. 63,) is fixed on an arbor similar to that for a 
Elds pendulum. This arbor carries the fork T, which gives motion 
e pendulum. The pivot which this arbor carries at the end when 
brk isv enters into a hole made in the cock A. 
represents in perspective the wheel D, whose revolution is per- 
ed in an hour; it is the aibor of it that carries the wheel m. 
• 66.) This wheel tn is seen in perspective in 2, whose canon 
68 to cany the minute-hand ; 8 represents in perspective the 
b1 S of (No. 65.) It is the aibor of this wheel prolonged, wbkk 
iog to the motion worit, carries the quarter snail h (No. 64.) 
I pinion of this wheel S, pitches into the hour-wheel seen in perspec- 
4 ; and it is on the socket of this wheel that the hour hand is adjust- 
NT fixed. 

: will be seen from the preceding description, that the pieces of the 
atiDg motion work are here placed on the back of the pillar [date, 
ong them on the fore plate will make no difference. 
h ahall now proceed to describe a repeating watch, with a horizontal 
jMndrical 'scapement of Graham's. 

Fhat has been said concerning the repetitions in pendulum clocks 
i|ie simple or plain watch, being once well understood, the reader 
have no difiiculty in comprehending the mechanism of a repeatp 
watch, which is only on a small scale what the clock is on a great 

To. 66, of Plate XIII. represents the wheel-work of the move- 
it and of the repetition, and all the pieces which are put within 
fiame plates. There is a distinction here between the ^eels, — 
is of the movement, or ifiiich serve to measure the time, as the 
eb B, C, D, £, F, and those of the repetition, which serve to 
ihle the interval between the blows of the hammer ; such are the 
da a, 6, c, <i, e, /, whose assemblage is called the little wheel- 
1^ or runners. 
the spring of the movement is contained in die barrel A; B is 

great or fusee wheel, G the centre or second whdel, whose 
ir prolonged carries die canon pinion, on which the minute-hand 
itted and adjusted; D is the third wheel; E the fourth wheel; 

F the cylinder 'scapement, or balance wheel. The fiisee I is 
lated on the great wheel B, a spring-tight collet and pin keeping 
wheel to its place on the fusee ; the chain is wound round on the 
e, and holds likewise of the barrel. The hook of the fiisee 
^ to stop the hand, on the watch being full wound up, by the 
k stopping against the end of the guard de gut stop, (the some 
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a got btfan the chain wot pvi to the fi»9e$ ; Iha modmm mmm 9f ii 
u the fiuee itop^) c, (No. 67,) attached to the other plate : its 
18 the same as in the plain watch. No. 66, lepresents the 
'scapement, of which a descriptioD has already been given in 
227. 

B is the balance fixed on the cylinder; F is the cylinder iriied^ 
which is represented as tending to act on the cylinder, and* cnaa^ < 
vibrations to be made by the balance. None of the pieces are drawB 
here, such as the cock, slide-curb, and pendulum, or spiral epnagt 
as they would have rather made the 'scapement part obscure. Th^ 
wheel work or runners of the repetition, is composed of five wheels 
a, 6, c, (i, e, and the fly-pinion /, and of four other pinions. Tli0 
effect of this wheel work is to regulate the interval between euA 
Mow of the hammer : so that if the first wheel a is made to have 4S/ 
teeth, the second b 36, the third e 33, the fourth d 30, and the fifik 
e 25 ; and moreover, if all the {Hnions into which these wheels 
have six leaves or teeth, then in the time that tiie first wheel a 
a turn, the pinion / will make 4812^ revolutions ; but the ratchet 
which the first wheel a carries, is commonly divided into 24 
.the half of which are afterwards taken away, in order that there 
remain only 12 to strike 12 blows for the 12 hours. If then we dividi^ 
4812 by 24, we shall have die number of turns that the fiflh pinion 
for each blow of the hammer, which gives 200^ turns of the pinion / (k 
one tooth of the ratchet R. 

The first wheel a, or great wheel of the striking part, cairies ' 
click and a spring, on which acts a small ratchet, put under tls^ 
ratchet wheel R, which forms click and ratchet work, like what hmiB 
been seen in the first wheel of repetition, which has the same ose 7 
that is to say, when we push the pendant or pusher, the ratchet H 
retrogrades, without the wheel a turning; and the spring which is 
in the barrel B, (No. 67,) bringing back the ratchet R, on whose 
arbor g, the inner end of the spring is hooked ; the small ratchet comtf 
butt against the click, and turns the wheel a ; and the ratchet R makes 
the hammer M to strike, whose arm m is engaged with the teeth of tl» 
ratchet , 

The ^ring r attached to the plate (No. 67,} acts on the small part 
n of the arm m, (No. 66.) The effect of this spring is to press the 
arm m against the teeth of the ratchet, so that when we make Ike 
watch to repeat, the ratchet R retrogrades, and the spring r brings alwe/e 
fwck the arm m^ in order that the teeth of the ratchet may make tke 
bummer to strike. Let us now pass on to the description of the motioB 
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tio* 68 repfesents that part of a repeater which is called the dial 
or motkm work. It is seen in the instant where the button or pen- 
dsnt 18 just pushed home to make it repeat In first taking off the 
bends, and then the screw which fixes the dial of repeating watches, 
ive will see the same mechanism that this figure represents. This is 
thd kind of repeating motion work most generally adopted ; it is so- 
lid and of easy execution. P is the ring or bow to which the pen- 
dant shank or pusher is attached, and this enters into the socket O 
of the watch case, and moves within its whole length in tending to- 
wards the centre. It carries the piece p, which is of steel, and fixed 
in the pendant shank, both composing the pusher ; the under side is 
filed flat. A plate of steel, fixed to the case inside, prevents it Srom 
tuning round, and permits it to move lengthwise only. The end 
part of the steel in the pusher is formed so that it cannot come 
oat of the case socket, this being also prevented by the small steel 
phte. 

The end of the piece p acts on the heel < of the rack G C, whose 
oeotra of motion is at jf, and at whose extremity c, is fixed one end 
of the chain S S. The other end keeps hold of the circumference of 

* paDey A, put by a squfire on the prolonged arbor of the firat wheel 
of the runners. This chain passes over a second pulley B. 

If then we push the pusher F, the end c of the rack will describe 

* certain space, and, by means of the chain s a, will cause the pul- 
^y8 A B to turn. The ratchet R, (No. 66,) will also retrograde, un- 
til the arm 6 of the rack comes upon the snail L ; then the main 
■pnug of the repetition bringing back the ratchet, and the pieces which 
^ curies, the arm m will present itself to the teeth of the ratchet, 
*iid the hanmier M will strike the hours, the number of which depends 
^^ the step of the snail, which is presented to the arm 6. 

In order to have a better idea of the effect and disposition of this 
v^Opetition, it is only necessary to look at (No. 68,) where the rack y e 
^ seen in perspective ; the hour snail L, and the star wheel £ ; die 
iHifleys A and B, the ratchet R, the wheel a, the part of raising m 
^ of the hour hammer ; these are the principal parts of a repetition, 
"^Uch are drawn as if they were in action. 

The snail L is fixed to the star £ by means of two screws ; they 
^K)di turn on the pivot formed from the screw Y, carried by the all or 
^^othing piece T R, movable on its centre T ; the all or nothing 
forms with the plate a sort of frame, in which the star and hour 
turn. Let us now see how the quartere are repeated. 

Besides the hour hanuner M, there is another hammer N, (No. 66,) 
^idKMie arbor or pivot comes up within the motion work, and carries the 
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piece 5 6, (No. 68. ) The prolonged pivot of the hour or great humcx 
passes also within the motion work, and carries the small arm f : 
these pieces 5, 6, and g, serve to make the quarters strike bj donhto 
blows. This is the effect of the quarter rack Q, whicfar has teeHi «l 
the ends F and G, that act on the pieces g, 6, and cause the boo- 
mers to strike. This piece or rack Q, is earned about by the am it 
which the arbor of the ratchet R has on it, by a square abofs tbe 
pulley A, in such a manner, that when the hours are repealed, te 
arm k acts on the pin G fixed in the quarter rack, and obliges it to 
turn and raise the arms q and 6, and consequently the hammers. 

The number of quarters which the hammers must strike, is deto^ 
mined by the quarter snail N, according to the depth of the stepe4v 
1, 2, or 3, which it presents : the quarter rack Q, [vessed bjr tho 
spring D, retrogrades, and the teeth of the rack engage more or \m 
with the arms 9, 6, which get also a retrograde motion, and lie 
brought back by the springs 10 and 9 : The arm k^ bringing bick 
the quarter rack, its arm m acts dn the extremity R of the all or 
nothing T R, the opening of which at x, traversing against a M 
fixed* to the plate, allows R to describe a small space : the ana *» 
coming to the extremity of R, this h&t pressed by the spring tf|ii 
made to return into its place, so that the arm m rests on the end B» 
and by this the quarter rack cannot faU or retrograde, unless theii 
or nothing piece is pushed aside. The arm ti, carried by the qair- 
ter rack, serves to overturn or set aside the raising piece m, (No. 66*) 
wfUch ia movable an the arbor of the hour hammer^ whose pin 1 
comes up within the motion work ; so that when even the hours and 
quarters are repeated, the quarter rack still continues to move a little 
way, and the arm fi turns aside the raising piece m, by means of tbe 
pin 1, which comes within the motion- work, and by this it is ptf^ 
from having any holding with the ratchet R, so long as the all ^'^ 
nothing T R does not allow the quarter rack to retrograde orfidk 
which can only happen in the case when, having pushed home tb^ 
pendant against the snail, the arm 6 of the rack C G presses the 
and makes it describe a small space at the extremity R of the all 
nothing : then the quarter rack will fall and disengage the becks 
lifting pieces, and the hammers will strike hour and quarters^ given b^ 
the snails L and N. 

The great hammer carries a pin 3, (No. 68,) which comes up to 
motion-work, through an opening marked 3, (No. 68,) the qxing 
acts on this pin, and causes the great hammer to strike. This 
mer carries another pin 2, which passes also through to the moHiiom^ 
work by an opening 2, (No. 68) ; it is upon this that the anall 
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llie Taising piece q acts, to make it give blows for the quarters : the 
BinaU hammer has also a pin which passes through to the motion* 
work bj the opening 4 ; it is upon this pin that the spring 7 presses, 
to cause the quarter hammer to strike. The spring S is the spring 
jiunper, which acts on the star wheel E. 3 represents the canon pi- 
nioD, and the quarter snail N, seen in perspective. The quarter snail 
N is riveted on the canon pinion C, the end of which, D, carries the 
muate-hand ; the snail N carries the surprise S, the effect of which 
is the same as that for the repeating clock, that is to say, when the 
pin of the surprise shifls the place, or causes the star to advance, 
and the jumper having done turning it, one of the teeth of the star 
comes to touch the pin 0, which is carried by the surprise, and 
causes the part of the surprise Z, (No. 68,) to advance ; so that when 
Um arm Q of the quarter rack falls on this part Z, and prevents it 
tram falling on the step 3 of the snail, by this the piece repeats 
only the hour. The changing from one hour to another is by this 
way made in an instant, and the watch strikes the hour exactly as 
OEiwked by the hands. The socket or canon of the canon pinion C 
D93, is slit, in order that it may move spring tight on the arbor 
or the second wheel, on which it enters with a degree of stiffness or 
ftiction slight enough to be able to turn easily the minute-hand to 
oither side, by setting it back or forward according as it may be re- 
t|iiired« which sets also the hour-hand to the hours. 

It is proper here to undeceive those who think that they injure- 
^hmk watches in setting the minute-hand backward. la order to con- 
^^Qce <me's self that there is nothing in this, it is sufficient to remark 
^be position which the pieces must have in a repeating motion-work^ 
^laa it has to repeat the hour, when the pendant or pusher has 
ottNjghl back and set aside all the pieces which communicate with 
snails L, N ; for at this time there is no communication or con- 
between the pieces of the movement and those of the motion- 
^^oik, but that of the pin of the snail or surprise, with tiie teeth of 
^be star wheel E, which nothing can prevent from retrograding. If 
ttten the minute hand is made to make a complete turn backward, 
^be pin O will also make one of the teeth of the star retrograde ; and 
^ tiie watch is made afterwards to repeat, it will strike always the 
QO^m and quarters as marked by the hands ; but it must be observed, 
^b^ if the hands were turned in the same instant that the watcb^is. 
^^tada to repeat, they would then be prevented. It is necessary 
^Hmcfum , before touching the hands of a repeating clock or watch, 
^^ wait till it has repeated the hour, so that all the pieces shall have 
^^ken their natural situations. 
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It is easy to cqnclnde from this, that since, with a repeating vmMeb 
we can set backward or forward the minute hand, according as itiiMt|r 
be required, we may, ^ith much greater reason, do this in a pluo 
watch where no obstacle is opposed to it 

As to the hour-hand of a repeating watch, it ought never to bo 
turned, without that being done by the minute-hand alcme ; except in 
that case where the repeater does not strike the hour mariced hf 
the hour-hand, when it would be necessary to put it to the hour which 
the repeater strikes. 

When the repeater gets of itself deranged, by the hour -hand not 
according with the hour which the watch strikes, it is a proof tint 
the jumper S, or the pin of the snail, do not produce the eflec^ 
required. 

,The returning or minute wheel 60, of 4 teeth, is placed, andtunP 
on the stud 12, (No. 68,) which is led by the canon pinion N, of 1<^ 
leaves; the minute wheel pinion of 12 leads the hour- wheel of 8^ 
causing it to make a revolution in 12 hours, and the canon pinion make^ 

12 revolutions for one of the hour-wheel ; it is the socket of the bw*** 
wheel which carries the hour hand. The raising or Ufling pieces i* 
n, (No. 66,) can only describe a small arc, which permits the ratdie^ 
R to retrograde ; and so soon as the mover brings it back, the aim 1- 
of the raising piece draws the hanuner M. 2 represents the und^ 
side of the all or nothing, with the two studs ; one U as a centre <** 
which it moves, and the other x on which the star and snail turm 
the hole e of this piece allows the square of the fusee of the 
movement to come through, and lastly passing through the dial* 
serves for winding up the watch. W, (No. 68,) is the locking spnng 
and bolt ; this is what prevents the movement from opening out of 
the case. 

Y is a small cock or bridge which keeps the rack to its place, and 
prevents it from getting away from the plate, permitting it to tum oniy 
on its own centre. 

All the parts of the repetition or motion work which have been desciih* 
ed, are placed on the back of the pillar plate, and are covered by the 
dial ; so that between the plate (No. 68,) and the dial, there must 
be an interval to allow sufficient play for the motion work. It is 
for this purpose that a piece is destined, which is not represented 
here, and which is called the brass edge. This is a sort of circle 
or ring, into which the circumference or edge of the pillar plate is 
sunk a little way, with which it is kept fast, by means of keys, orgrifi 

13 and 14. The brass edge is covered by the dial, fixed on the brass 
edge, by means of a screw. 
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A repealer is made to strike the hour which it indicates the mo- 

meot we press in the pendant ; so that the machine must be contriv- 

^ in such a way, that it may be easy to push in the pendant, and 

thift the blows of the hammers may be the strongest possible. With 

respect to the first, that depends on two things, the given force of the 

^OBf , and the length of the pusher ; that is to say, the space de- 

seribedy and the manner of making the pusher act on the rack. 

With regard to the last, the rack must be placed in such a manner, 

(hat the point of contact of the pusher follows the arc described by the 

rack, in such a way that the force shall not be decomposed, so that 

the action of the hand on the pusher shall be exerted wholly upon 

the rack* 

Wkh regard to the pusher, its length depends on the point where 
it Ms OB the rack, that is to say, according as farther or nearer the 
icmliu of motion. It is obvious, that if it acts near the centre, more 
fevoe is required, and it will describe a less space, and vice veratu As 
to the force of the blow of the hammer, it is limited by the force of 
Ae repeating main-spring, and by the force that the runners require to 
cr keep them in motion ; for it is clear that it is only the ejEcess 
the force of the spring over the resistance of these wheels thai 
be employed to raise the hammer. The number of Mows of the 
for one revolution of the ratchet, determines again the force 
thebkm. 



CHAPTER XVII. 
Ok Thermmneters, PyrotneterSf and the expannve ratio ofMetals^ 4*^* 

Before giving descriptions of compensation pendulums, it will be pro- 

l^^ to take a review of Thermometers, their different scales, and cor- 

^^osponding degrees, beccuise they are required, when making trials 

^ the expansion of metals, by the application of heat to them, when 

phcedfiM' this purpose in a Pyrometer. We shall give an account 

^ the result of such experiments as have been made in this way by 

^iQKliy phUosophers, leaving the artist to adopt any of them which 

■^ pleases. They will show what has progressively been done, and 

°7 getting a general knowledge of the relative expansion of metals, 

■A will be better enabled to construct compensation pendulums, on 

44 
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such principles as may seem to him the best calculated to obtain the 
end required. 

Fahrenheit's thermometer is used in Britain^ at least it is the one 
in most general use. The space on the scale o( iU between the 
freezing and boiling points, is divided into 180 degrees, beginning at 
the temperature produced by mixing snow and common salt toge- 
ther, whidi is 32 degrees below freezing; of course the freeziqg 
point is marked 32^, and the boiling point 212^. The thennomeler 
known by the name of Reaumur's was in fact constructed by De Iaic, 
and used in France before the revolution; it is still used in Itiljr, 
Spain, and in general throughout the most part of the continent cf 
Europe, even in Russia where that of De Lisle's was contrived. The 
scdie of Reaumur's between the freezing and the boiling points, is divid- 
ed into 80 degrees, the freezing point being marked zero or 0, and the 
boiling point 80^, consequently 180 degrees of Fahrenheit is eqml 
to 80 degrees of Reaumur, or 18 of Fahrenheit is ecpial to 8 of 

9 R 

Reaumur, or 9 of F. equal to 4 of R. ; therefore F = -^ 1- 82. 

4 

Then 2.25 degrees of Fahrenheit is equal to 1 degree of Reaumur. 27 
degrees of Reaumur's thermometer, the height which Berthond nb- 
ed it to, in his eiq>eriments on the expansion of metals, will be itmii 
to be equivalent to 92^.76 of Fahrenheit ; or 92.76°— 32 = 60.76 d^ 
grees, the whole range of the difference of temperature made use 
of in his experiments. We believe that this was also the extent taken 
by Mr. Troughton with his superlative pyrometer ; for these reasonst 
it may be proper to take the expansive ratios of brass and steel, as 
given either by Berthoud or Troughton, seeing their experimenlB did 
not go so far as boiling water, yet far enough to give such propor- 
tions sufficient to fit up a compensation pendulum. A pendulum may 
sometimes be exposed to a cold below the freezing point, and at 
other times to a greater degree of heat than 92.75° of Fahrenheit ; a 
range of 60.76° should surely be enough for this purpose. 

The thermometer of Celsius is used in Sweden. It has been 
used also in France since the Revolution, under the name of ihemO' 
imtre centiorrade. In it the space between the freezing and boiliog 
points is divided into 100 ; the freezing point is marked zero, the boil- 
ing point 100. Consequently the degrees of Fahrenheit are to those 
of Celsius as 180 : 100 = 18 : : 10 = 9 : 6; that is, 9 degreee of 
Fahrenheit are equal to 6 of Celsius. Therefore to reduce the de* 

96 
grees of Celsius to those of Fahrenheit, we have F s=---|-32, and 

6 

K8 degree of Fahrenheit is equal to one degree of the centignde 
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4ieniK»neter. It may be observed, that it was the fertile genius of 
I>r. Hooke that suggested the freezing and boiling of water, as fixed 
points of temperature, to include a scale marked with the various de- 



These being the principal thermometers now in use, the temperature 
inficated by any of them, may be reduced into the corresponding degrees 
of die others, by means of the following simple theorems, in which R sig- 
oifies the degrees on Reaumur's scale, F those of Fahrenheit, and S those 
of Celsius or the Swedish thermometer. 

Iji, To convert the degrees of Reaumur into those of Fahrenheit 

^+32=F. 

id, To convert the degrees of Fahrenheit into those of Reaumur. 

-5-Jx4=R. 

8ii» To convert the Swedish degrees into those of Fahrenheit 
fiX9 



6 

(F— — 32 \ 
— g — J X 6=8. 

Mk, To convert Swedish into those of Reaumur. = R. 

5 

RxS 
6li, To convert Reaumur's degrees into Swedish. — - — =S. 

For those unacquainted with the algebraic expressions of aritb- 
formuls, it may be necessary to explain, in words, one or two 
fliese theorems. Case 1st, Multiply the degrees of Reaumur by 
W divide the product by 4, and to the quotient add 32, the sum ex- 
tfae degree on the scale of Fahrenheit Case 2d, From the 
of Fahrenheit subtract 32, multiply the remainder by 4, and 
the product by 9, the quotient is the degree according to the scale 
Reaumur. 

Self-registering thermometers have been contrived by several; for 
account of one by the late Alexander Keith, Esq. of Ravelstone, 
fReholaon^s Journal^ vol. iiL 4to. Series. Or BMfUmrgh PhUo- 
TVoiuacifotw, vol. iv. 



the following on thermometer scales^ we are indebted to our ingemoue 

friendy Mr. Scott. 

**Altfaou^ Fahrenheit's scale coincides in many instances with de- 
OQthe centigrade and Reaumur, yet the only points which are 
^haiacterized on Fahrenheit, which agree with points on the other scales, 
^^idMHit fractional parts, are those of freezing and boiling water, as seen 
**elow. 
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Fabrenbf»it. 


Centi^de. 


Rmumt. 


" Freezing 


820 








" Temperate 


48 


&t 


n 


" Agreeable 


64 


m 


14f 


" Very wanii 


80 


26f 


211 


'' Blood heat 


96 


35i 


28f 


" Fever heat 


112 


44i 


86t 


" Water boils 


212 


100 


80. 



'* Therefore, if Fahrenheit is right in his scale of temperatures, 
is a want in the other two, in as much as fractions of a degree 
required to point out the most usual known temperatures. But, 
Fahrenheit's scale commences at a degree of cold which seldom or 
is known in Europe, — perhaps it would be better to make bis scale hefimm 
at freezing with O, and ascend to 180<^ for boiling water, and the d^greos 
below O or freezing, might be made negative, as is done in the others ; 
freezing and boiling water being points with which we are familiar. (A 
sketch of the proposed improvement of Fahrenheit's scale, see Fht^ 
XIY.) It is done by simply deducting 32^ from all the poioti o^ 
Fahrenheit's usual scale. Were such a one adopted, there is no doubt 
but it would soon supersede the present mode ; it is both more Datori* 
and agrees with the two extreme points, so well defined. For scales of 
the three thermometers, and the formuloB for reducing the degrees of od^ 
scale into those of another, six cases being given, with their solution, see 
Plate XIV. 

Godfroi Wendelinus, or Yendelinus, Canon of Conde, in Flanders* 
who published a dissertation on the obliquity of the ecliptic in 1626, seeH^ 
to have been the first who observed, that by changes of temperature* 
metals changed their lengths ; and Musschenbroeck appears to have be^^ 
the first who made experiments with a machine which ho called a pyraH^ 
^ter, to try the effects of heat and cold on various metals : an improv^ 
pyrometer was made soon aflerwards by Mr. John £lhcott See Mu^^ 
chenbroeck'8 Phil. vol. I. p. 202. RiccioWs Aim. I. 109. WeidUr, p- 
457. Gass. op. Tome V. p. 626. 

A curious fact is published by De Luc. A brass rod, which t^ 
used as a thermometer, became in sununer habitualhf longer; tip^* 
is to say, afler being for some time lengthened by heat, it did m^'^ 
contract by the application of cold to its former length, but contin«^^ 
ed somewhat longer. In winter the contrary phenomenon took plac^^" 
Afler being contracted by cold, it did not return to its former leng*^ 
on the application of heat, but kept somewhat shorter. A leaden rCF^ 
showed these effects in a greater degree. Glass has not this quality'' 
De Luc suspects this property is inversely as the elasticity of 
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GhsB is perfectly elagtic, and lead b leas elastic than brass. 
de Phya. xviii. 369. llio compound pendulum by Smeaton has 
rod, and pendulums of this kind have been observed to do un- 
commonly well. Can this arise from the principle noticed by M. De 
X^uc? 

Dr. Ure, an eminent chemist, observed something of this kind to 
Lve taken place in zinc. See his Chemical Dictionary, article Co- 
te. If the experiment was pushed to a great length, this property 
might be perceived in other metals ; it was found even in steel by 
Serthoud. 

Zinc, from this cause, may be reckoned a metal unfit for a compen- 
satioD pendulum. The zinc tube pendulum we found to do extreme- 
ly well, as did also the zinc bar one contrived by Mr. Henry Ward, who 
was a man of very considerable talent. We shall give an extract of 
wliit he says on this matter in his pamphlet, published from the Trans- 
actioiiB of the Society for the Encouragement of Arts, Manufactures, 
wid Commerce, for the year 1807. **It has been the opinion of 
some mechanists, that zinc is an unfit substance for a compensa- 
tioo pendulum, because they have thought it too sofl for the pur- 
pose, and that, afler being heated or cooled to a considerable de- 
C^ it does not return to its original dimensions. If that was real- 
ly die case, no doubt but it would be a general one, common to all 
metals in a greater or less degree ; but from the experiments and ob- 
servations I have made on zinc pendulums, I am fully satisfied there 
ia no foundation whatever for such an opinion. Some time in the latter 
pBit of the last summer, I however noticed a circumstance that made 
■He doubt the matter ; for, when I first used any zinc pendulums, I 
^^ould never bring the clock to keep the same rate for two days to- 
ffather, but that it was continually retarding, whether I used the lamp 
<^ not; and had I not before observed a similar effect on a lover 
pendulum, that was made of brass and steel, I should have as- 
^■ibed die cause wholly to the softness of the zinc bar ; but by 
eonstantly comparing its daily rate with one that had been going 
^ kliger time, I found that this retarding property gradually wore 
^^, and in less than a month, would become quite settled to the 
that it would aflerwards keep. By subsequent experiments with 
lamp too, I have constantly found, that all the pendulums I have 
^titherto tried, kept precisely the same rate, both during the time they 
heated (provided they were properly adjusted) and aflerwards, 
they bad done before. The cause of this retardation appears to 
to be, that the points of contact of the different pieces which com- 
the pendulum, are more closely connected afler a little time than 
^^y were at first ; that is, those points of contact do, by the weight 
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i '.asbdLjMdtoeadiodier in a fnnan degree, untfl the j get a broader 

TmU» of the Expansion of MtiaU. 

'^^::iiiii:«m>— liQiiaiidSteelasd. £llicott'8 — Gold 

Copper - 4i. Silver - IDcs 

Anas - 6. Brass - ^B. 

Tin - 6. Copper - 89. 

Lead - 7. Iron - 6a 

Steel - 56. 

Lead - 149. 

W Mfowiag IB Smeaton's Table, showing how much a foot ib 
111^ ^" <Mcli DMtal lengthens by an increase of heat, corre^ioiid- 
ii^ V l$t> drgiees of Fahrenheit's thermometer, or the diflbrence 
Xx^^M tmning and boiling. The miit is the 10,000th part of an 

WM» ghtfs barometer tube - . . . loo. 

Maitial n^gulus of antimony .... 130, 

)n»iM«^»teel 138. 

H4x4 *fwl 147. 

Vn«« 161. 

t^>itiuth 167. 

V>NV<t. baimuered 204. 

\\>^•ci\ S parts, mixed with tin, 1 - - - 218. 

vN^vi >**#* 225. 

V^<%>a*. l«? parts, with tin, 1 - - - - 229. 

^^^ %Uf\\ and speculum metal ... 232. 

s^vJI^ ^«*AWr, viz. brass, 2 parts — zinc, 1 - 247. 

Fine pewter - - . 274. 

Grain tin - - - - 298. 

jk'i^ 5t\4vksr, via. lead, 2 — tin, 1 - - . 301. • 

^UK\SjHurto — tin, 1, a little hammered - - 328. 

liNfcJ 344. 

£UK\ vv s^H^ltor 353. 

£uH\ btuiuuerod half an inch per foot - - 373. 

V X J^lii. TViUM. vol. 48, Art 79, p. 698 ; and for De Luc's e 
. ..ov sHi Ibiiwdwa** pyrometer, see PhxL Trans, vol. 68. part 1st 
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General Rofa TaUe of Expansion. 
the pendulum of seconds, the quantity required to be added 
subtracted from the length, to cause a gain or loss of one mir 
per day, is 0.0546 of an inch at a medium, which does not differ 
1 either extreme, more than the half of unity in the last figure. Hence 
nean variation of length answering to one seco^ is 0.00098 c^an 
. And by General Roy's experiments, in the 75th volume of the 
I Trani. the expansions of five feet, of the under-mentioned sub- 
ces, by a variation of temperature of 180 degrees of Fahrenheit, 
ely firom 32 degrees to 212 degrees, are. 

Inch. 
Rod of English plate brass ... 0.113568. 

Ditto of steel 0.068684. 

Prism of cast iron .... 0.066563. 

Glass tube 0.046569. 

Solid glass, and made long before - - 0.048472. 

Ixpansion of mercury is said to be fifteen times that of iron. Hence^ 
seen, that in a clock with a simple pendulum, having the rod of 
1, every difference of temperature of four degrees will cause a 
ition of one second per day; that the variation with a brass 
is nearly twice as much, and, with a glass rod, not much more 
1 half the quantity. The difierence between the mean hei^^ts of 
thermometer within, at the Royal Society's apartments, in sum- 

and in winter, is about 25 degrees. Hence, the difierence be^ 
n the going of a clock with a simple pendulum, in winter and in 
mer, or in summer and in winter, will be about six seconds per 
or one minute in ten days. 

he difiference in length, in straight grained deal wood, is found to 
reiy smaU, whence it is a general opinion, that in clocks of die 
num copstruction, in which the pendulum is without intermission 
lected with the train, and the parts of the 'sci^ment are cnled, 
nroiB of expansion in such a pendulum are much less Aan those 
ik arise from the unequal transmission of the maintaining power. 
NkhoUonU Journal^ quarto series, voL Ist, page 58, May, 
7. 
Lieutenant Henry Eater (now Captain Eater) makes the expan- 

of white deal, from the temperature of 186 to 49, to be 0.0206 
*our feet, and, for one foot, to be 0.0040 parts of an inch. Deal 
ten to zinc as 49 to 353^^. This seems to have been unhammered 
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zinc. From the trials we have made with wood there did not appear 
a possibility of getting such a result as could be depended on. 

M. Berthoud made experiments with wood, but findiiig notko^^ 
that was satisfactory in his trials, has given us no account of dienca 
that could be of any service, otherwise they would have been grreiL^ 
His conclusion is, that wood is very unfit for a penduhim rod; bi^ 
means, perhaps, for a complete or compensation pendulum. 

Mr. Rittenhouse, a native of Switzerland, and a veiy aUe [Ji9(^^ 
sopher, now residing in America, says, '* That there is no 
in white deal." See in Dr. lire's Chemical Dictumary^ very neat 
copious tables, not only of the expansion of solids, but also of Dqnifev 
from 32 to 212 degrees. 

Before giving the table of expansion of metals by M. Berthoud, it 
may be proper to give his detail of the process he made in makia^ 
these experiments on his pjrometer. Being an excellent woifanaii 
as a watchmaker, an intelligent mechanic and philosopher, and at (be 
same time zealous to find what were the materials proper for fitting vp 
a compensation pendulum, we may have great confidence in the results 
he has given. 

He says, *' An abstract of the experiments which I made od ttBi0 
expansion of different bodies. No. 1687 of his Essai sur Vhorkigai^' 
To make experiments on different metals, in order to deduce tbe 
proportion or ratios of their expansion, it is not enough to have con- 
structed the instrument we have described, (meaning his pyrometer ;j 
these experiments require an extreme precision, without whicb, A is 
astonishing to find such opposite results, although we think to have 
always operated in the same way. This is what 1 have found several 
times, for the same degrees of cold and heat, have not always given 
the same extensions. These were the difficulties which obliged bk 
oflen to repeat the same experiments ; and willing to avail myself of 
the cold of January, 1760, T perceived, that in making these expen- 
ments, in the same way as in the preceding years, I found results very 
difierent, which I attributed particularly to the way by which the heat 
of the pan was introduced into the stove. In the stove he piaced ku 
pyi'ometer and thennomeier^ and the rods of metal under trial; fcr 
hitherto it was a pipe from the warming pan, which went up by the side 
of the rod of metal under trial, and as the thermometer was at a dis- 
tance from it, it happened that the heat which impressed the rod, was 
not exactly that which impressed the thermometer ; so that^ according 
to the greater or less Uveliness of the fire from the pan, and of die tnae 
which the experiment lasted, the rod and the thermometer were heated 
very differently. 
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*'^ 1687, Here, then, are the changes which I made. FtrW, I 

placed in the stove a plate, bent at the place where the heat which 

oomea from die pipe of the pan, to impress the inside of the stove ; 

iham plate is bent in such a manner that the heat goes down again, 

and divides itself to get up equally in every part of the stove. 

** 1688. Sectmdly, I placed the thermometer quite near the rod of 

metal, at the requisite distance, so as they do not touch one another ; 

trjl^hia mrnni. it happens that they are equally impressed by the same 

heat 

^* Note, I applied on the same plate three thermometers of mercury, 

di'nded after the scale of Reaumur ; the first with a cylindrical kind 

of ball, it rises to boiling water ; the second has three branches, and 

goes to 39 degrees above freezing; the third has four cylindrical 

^yxancfaes, and rises to 74^ above freezing. They are made thus 

^rittk several branches, in order to render them more or less sensible ; 

to compare them with rods of different thicknesses, so that a de- 

of heat acts with an equal advantage to dilate a rod of a given 

^l^kness, and dilate the mercury of one of the thermometers : so> 

hoi I examine in the stove the lengthening of a rod a little strong, to 

w the degree of temperature which makes it change, I see the ther- 

S^xmometer which has the greatest quantity of mercury under the least 

^msbce; and when I have a small rod, I use the thermometer with 

^"Vino branches, which has less mercury under a greater surface, &c. 

*■ 1689. Thirdhj^ To set out in a sure or certain way, with the same 

degree of cold, I made a cask of about 4 feet deep, and 9 inches in 

tHae base ; I filled it with pounded ice, so, by placing in it the rods 

'Wkkh I wanted to try, they took exactly the temperature of the ice. 

* 1690. I made use of a more moderate and continued fire to give 

lieat to the stove. I formerly used live coal or charcoal, now I make 

Qw of the peats which the tanners make up and sell for burning; 

tini fire is mild, lasts a long while the same, and introduces itself by 

Am means in an uniform manner, which imitates the gradual heat of 

the air. I did not use those peats which are of the same largeness 

of lize, till they have been equally burned, so far as to smoke no more : 

I hid particular attention that the time of the experiment was always 

of the same duration, in order to have exact results ; and I can po- 

■tively say they were so. For, having repeated several times the 

Mie experiments, I have always found the same results ; in conse- 

9Qnce,Ihave recommenced all my experiments, not only on those 

inetals which I had observed, but even upon glass, gold, and silver, 

kaviiuf got drawn a rod of gold and of silver, 40 inches in length each. 

45 
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M M. Romilljy a very able watchmaker, was preaeat at lome of mj 
experiments ; having invited him to see them, he had the compUMBoe 
to procure for me die rods of gold and silver. Bj means of tinii 
experiments, I give here a complete and exact table of the expaaoi 
of all the metals which I tried, and I suppress all the experaMte 
which I made during four preceding winters, with several substumi 
compounded of lead, antimonj, &c being not suffideotlj eiaet li 
have a place here. y I 

I7ih March, 1760. 

^ 1691. Having filled the cask with ice, I placed in it diflereatrodi 
of the same length, that is to say, of 3 feet 2 inches, 6 lines = 4f 1 
lines, reckoning from the fixed point which keeps to die upper pilff 
of the pyrometer, to the point where they act against the rack; tke 
breadth of these rods is b lines, and 3 lines thick ; it must be i^ 
marked, that to each rod which I tried, I brought the thermometer l» 
the fireezing point, by covering it with pounded ice. 

• Exptfwif$fU» 

** 1692. Having taken the rod of glass from the cask, and plaoedit 
on the pyrometer, the thermometer at zero, the hand or index of te 
pyrometer at 68 degrees of cold ; having placed the stove and beatod 
it, the thermometer rose to 27 degrees, and the index of the pyro- 
meter to 6 degrees ; so for 27 degrees of the thermometer, the iodes 
of the pyrometer has described or run over 62 divisions of the circle, 
that is to say, the glass rod has lengthened AVths of a line. 

*^ 1693. I took from the cask a rod of tempered steel, which M 
been brought back to a blue, that is to say, that it had the temper 
of springs, or nearly so ; having placed it on the pyrometer, when tke 
thermometer marked zero, and the index of the pjrrometer 19 do> 
grees of cold ; by means of the stove, I made the thermometer ie0 
to 27 degrees, the pyrometer to 58 of heat, the index of the pjro* 
meter has described 77 divisions of the limb or arch of the circle, » 
the tempered steel rod has lengthened ^Virths of a line. 

'^ 1694. Likewise, having taken the rod of lead from out of the ice, 
and placed it on the pyrometer when the thermometer was at zero, and 
the index of the pyrometer at 91 degrees of cold, when the thermonNter 
was raised to 27 degrees, the pyrometer marked 102 of heat ; (te 
whilst the thermometer was raised to 27 degrees, the index of the pf" 
rometer has described 193 divisions of the limb ; that is, that the lOo 
of lead has lengthened Hi of a line in setting out, and being h^sledlo 
27 degrees of the thermometer of M. de Reaumur. 
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** 1696. By a proceM perfectly nmilar, a rod of tin lengthened 
-hf-f ; a rod of biaas -Hi ; a rod of gold, quality 21 caiata, wire drawn, 
and Teiy hard* lengthened, iV^ ; the same rod brought back in the fire 
t» aoAea it, lengthened lAAr : the rod of steel being sofbned, length- 
■Mff which was found by two separate trials ; a rod of iron ham- 
coldv lengthened -ffy^ ; the same rod soflened, -ff^ ; a rod of cop- 
psTf Hf ; A rod of metal, composed of lead, and with one-«izth part 
oT antimony, H% ; a glass tube, four lines in diameter, ^ffy ; a rod of 
olver wire drawn. Hi. These expansions are arranged in the follow- 
ing Table: 

JkrttowTf TttiU of the Proportion of the Expanaian of Metaii^ ^. 

'^lese. Steel softened .... 69 

Iron ditto ..... 76 

Steel tempered - - - - 77 

Iron forged cold .... 78 

Goldsoflened - - - . 82 

Ditto wire drawn hard ... 94 

Copper 107 

Silver wire drawn .... 119 

Brass 121 

Tin 160 

Lead 193 

Glass 62 

Mercury 1236'' 

Berthood, in his calculations, made use of the ratios of 74 for steel 

^ 121 for brass. Some haye made the expansion of platinum the 

as glass. 

** 1697. All these rods were tried, without being loaded or charged 

weights: Afterwards, wishing to know the change that the 

of a pendulum ball, or lens, would cause to the extension of 

rods, I fixed to a rod of steel, a lentille of 36 lb., and found 

the extension was sensibly the same, but the cold did not shorten 

rod the same quanti^ that the heat had dilated it I shall not 

these experiments here, because they did not i^>pear to me to be 

enough. 

M 1698. I suppress also, to make short details of the experiments 

I made on rods of wood of difierent kinds ; sufiice it to say, 

wood is subject to very considerable alterations by heat and cold, 

\j moisture and dryness, in so much, that it is very unfit to make 

\wadulum rods of. 



\ 
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"1699. Although metals expand in all directions, we have eonn- 
dered their extension only in their length, because it is only thk 
which we need ; it matters very little whether a pendulum rod is 
thicker in summer than in winter ; but it is not the same with regard 
to its length, as we shall sec in the following chapter ; moreover, if 
it is M'antcd to know how much a given metal rod becomes thicker 
or broader by such a degree of heat, it is only necessary to compare 
its extent to that of the same rod in our table, and the extensioii of 
the demanded dimension may easily be ascertained." See £staj siir 
PHorlogerie^ par M, BerihowL Tome second^ Seconde Pwrfiiu 
J^o. 1686. jJnno 1763. 

Late experiments made by Messrs. do Luc and Dalby. From the 
freezing point 32, to the boiling point of 212 of Fahrenheifs dier- 
mometer, the unit a 10,000th part of an inch. 

The results were as follow: 
Glass. Platinum. Blistered Steel. Iron. Brass wire. 
.0083 .0087 .0112 .0126 .0194 

Zinc. Hammered Zinc. Mercury. 

.0296 .0308 .1836 

If we take the expansive ratio of brass at 80, and steel at 49.5T0f 
as given by Mr. Troughton, then Mr. Smeaton's would be 80.56, 
and 47.912, and General Roy's would be 78.96, and 47.7. Mr. 
Troiighton's pyrometer being so extremely nice or sensible in *^ 
operations, that the proportion of brass, 80, to steel, 49.676, may ^ 
tho nearest and best we can fix on. 

Some estimate may be formed of the advantages of a compcx^^a- 
tion penduhim, by comparing the going of a clock, which had oa^ ®^ 
Kllicott's couis traction, with that which had none, as shown in a le**^' 
from Mr. Bliss at Oxford, dated 121h, July, 1762, to Mr. Short '^ 
liondon, who says, "I find, upon examining my book, that the gr^^' 
est diflerence in the going of the clock, between tho coldest wea^J*^ 
of the two last winters, and the hottest weather of the two last sxS^**' 
mors, is no more than one second a day ; and this was occasioned ^3^ 
the levers being made too short, of which I advised Mr. Ellicott ab^^^® 
a year since ; whereas a clock with a simple pendulum widi a br^^ 
rod, made by Mr. Graham, and which belongs to Dr. Bradley, in ^® 
coldest weather lost above fifteen seconds per day, and in the wa*"^**' 
est gained above thirteen seconds per day, and went veiy near ^^ 
c(jual time in temperate weather." It is plain that Mr. Bli^ 
must have meant stained in the coldest weather, and lost in the ho^" 
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tettt, otherwise there would be no analogy with the effect of the tempera- 

tuiB in summer and in winter on the brass rod of die pendulum. The 

pendulum ball resting by its lower edge on the regulating nut, as they 

U3Uilly do, the expansion of the lead in it upwards, surely^ could not ope- 

80 much against the brass rod as to make the clock go fast in sum- 

', nor its contraction downwards, so much as to make it go so very 

lev in winter. Perhaps this may have been the case agreeably to Mr. 

lias's account of the matter. See Description of Two Methoda^ ^e» by 

4)lui EUicott, F. R. S. pubUshed 1753. 

Graham was the first who thought of making a pendulum rod dwt 

counteratt the effects of heat and cold, by a combination of 

or wires of different metals, such as brass, silver« steel, &c. but had 

ever put it in execution, thinking they would not be effectual enouj^ 

their operations : this was about the year 1715. It occurred to 

at that time, that mercury, from its great expansion by heat, 

euld be more adequate to the end he was in pursuit of. Having 

a pendulum on this principle, it was appUed to a clock, and set 

.—going. In the Pkilosopkical Transactions^ Ab. 392, it is described in a 

which was given in to- the Royal Society, 1726. He says, ^ The 

lod[ was kept constantly going without having either the pendulum or 

hands altered, from the 9th of June, 1722, to the 14th of November, 

I'TkS, being three years and four months." Somewhile previous to 

li>'726, Harrison, Uving at Barrow, in Lincolnshire, was engaged in mak- 

m^ experiments on brass and steel rods, when he produced what is now 

^^lied the Gridiron Pendulum. See Ellicott's pamphlet, already quoted. 

Por a very extensive table of the dilatation of solids by heat, see Dr* 

^Tt^M Chemical Dictionary, 




CHAPTER XVin. 



^ On Compensation Penduhms. 

« Compensation pendulums are those which are constructed to eoun- 

f *Qract the effect of heat and cold in lengthening or sbortening a pen- 

i\ '*«>Uiinrod. 

H 

^1 CrrahanCs Mercurial Pendubmu 

M The mercurial pendulum invented by Graham, having been die 

m ^^ that was applied to a clock, for the purpose of compensation, we 
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rinll begin with the deacription of it, taking the others neeiljr in lb 
order of their invention. This pendukun consists of a steel rod, it Ab 
lower end it carries a large glass jar filled wiA mercuiy, so daft Ab 
expansion or contraction of the rod may be counteracted by theoppo- 
site expansion cr contraction of the mercury. To make this peado- 
lum in die way which has hitherto been adopted, is attended fA 
considerable trouble, from the nature of the materiaL The oontiw* 
tion of such a pendulum must always be troublesome, becanse oj 
addition to, or abstraction of the mercury from the boOow cj^Uer 
or glass jar, to bring about the compensation, will cause a chanp of 
jdaee with the index point on the graduated arch of index plite, if 
such a thing is used. A pendulum which will remedy this, shd be 
aflerwards described; in the mean time, we shaU proceed tDgjmi 
more detailed description of such as have been commonly made. 

The length of the pendulum over all, from the bottom of the mfe 
to the upper end of the pendulum spring, is about 43.96 inches; ik 
inside bottom (rf* the jar .6 of an inch from the under side of the fok^ 
die hei|^ of the cdumn of mercuiy in the jar, about 7.47 iadMi. 
Froih the upper end of the pendulum spring, take a length of tU 
inches on die pendulum downwards, then 43.96 inches— 39.9-M, 
will give that part of the column of mercury, below the cenlie of 
oscillation, equal to 4.16 inches, and that above the centre 3.3S iih 
ches. The height of the jar outtdde 7.8 inches, inside, 7.6 incbes; 
mean diameter inside, 2.018 inches, weight 7.6 ounces. Althougii 
it would be still better to have it of a less wei^t, yet it is donbdiil 
if it would then be strong enough to support such a column of qoick- 
silver. The weight of the stirrup or jar frame, 1 lb. 6 ounces; if 
we take 2.55 ounces from the brass sole, and from the top, 8.45 
ounces, making 6 ounces in all, leaving for weight of the stiinq> 1 lb. 
The clock when set a-going, (with the pendulum the same length is 
before,) after taking this quantity of weight from the stirrup, went skm* 
at the rate of 46 seconds in 24 hours, and when shortened by setting op 
the regulating nut, it was found to be .15 of an inch less than the fonncr 
length. 

The length of the stirrup bars outside, including sole and part of 
the top, 8.125 inches ; breadth from outside of the bars, 3.26 ineliei; 
thickness of the pendulum rod and stirrup bars, 0.136 of an iachi 
breadth 0.384 of an inch ; thickness of the sole outside, 0.616 of id 
inch ; length from bottom of the sole to the upper side of the jir 
cover, 8.187 inches ; jar bottom sunk into the sole near to 0.26 indi; 
from upper side of jar cover, to under side of stirrup top 1.26 inck; 
height of stirrup top from flat part of pendulum rod, 1.76 inck; 
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thiolaieM of the flat, 0.220 inch; diameter of the regulating screWf 
O.S18inch; that of the nut, 1.160 inch. The screw contams 36.26 
tams in an inch, the nut divided into 30 prime divisions, each being 
Mpiol to one second a day, the prime divisors subdivided into four. 

inches. 
Leogth of stimip bars inside 8.06 

Thickness of sole outside ...... 0.616 

Length of stimip top ....... 1.76 

From the stimip top to the upper end of pendulum spring 38.486 

Length of the pendulum over all - • - - - 43*800 
Length of pendulum spring ...... ,626 

Breadth of the double laminee, including .164, the space 
between them, each laminsD .168 ..... .goO 

Thickiiess of ditto .007 

lb* OK. dr. 
Weiglit of quicksilver in the jar - - - - 11 12 6.36 

Ditto of the stirrup frame 100 

Fsadulam rod and spring, regulating nut, jar, cover, &c 13 
Jar 7 8 

Total weight of pendulum 14 13.36 

Befixe the pendulum was altered, the rate of the clock showed* 
that the compensation was not sufficiently effective, although the 
l^i^it of the column of mercury was nearly 7.6 inches, the jar 
beiag about full, allowed no more to be put in : reducing the weight 
of the jar>fiBme or stimip, required the rod to be shortened, as has 
l^oen stated, .16 of an inch : whether this is enough, remains to be de* 
tietiBiaed* The daily rate for a month or six weeks, was 0.1 second 
*low when the temperature was from 36 degrees to 40 degrees of 
I'ahienheit's thermometer, and got gradually slower as the height of 
^be thermometer increased; between 60 and 66 degrees, the daily 
'^^oa was from 0.37 to 0.46 seconds ; for about two weeks, when the 
^^iQather was extremely cold, ^ thermometer at the freezing point 
^*>d under, the clock showed a tendency of rather gaining. 

Of late years, the mercurial pendulum has been adopted in some 
^trono mi cal clocks, and on the whole, seems to have answered very 
^^^elL The author of the Ekmenis of Clock and Waich Work 
^boti|^ diat it was not fit for this purpose, being too quick in its 
^H^^tations ni expansion and contraction; but if the cover is well 
^^^d to the top of the jar, we can venture to say, from the resist- 



WKt- IIMrf fy|i if^ io ifeHgifc of iHi^crature, that iBe~0pin5i 
■wWwil* ■nvi ■M^ftr fldi roHoOiit' ia proposed to moke sudi 
pMMBii'^ft «-nilhv rodi aafl itiinip bare, thai they mnj- i 
taks Iwift'iBA'Ml toO'nadSf. A ilptl jar would perlinps sim 
dw OH u wwl M U^ ofliar OODtriraDCi! ; bul some would objecl 
ttjiii| Jin *CBoa n t of te dingar of nugnettiin ; but eveo a jar of t 
^d^^iran id being oadefliin, (for kvwild be heavy wcr« it aa thi 
WMwUf^itt OOB|) wooUboMnljr afibctod b^ changes of t«nnperatu 
■W^ffHCiiiy bainy ^ i^on ■oHxjitide of those changes, the opri 
tioM of ooDDknotn^ Ha nbcti ^ dwa might be loo sudden. I 
DUpljlH, if Aa.ihH jv 4*du eilai^ coating of tin foil, similar 
tl)t)|blillg of 4b L^jdea .^ob1| or soae other coating, the inadi 
liow of boat finntlw poS^wd fgrtwo of the glass would be lesseM 
pttdM j^anfiou of di9 chii^o of taq^raiure might be sufficiem 
^■Jijc irifbaqt bonag tgo npd. It !■ of the greatest importun 
dMt dM paDdalun rod ■hooldt with dte sniallest quanlily of matt? 
ba.H jtiflTMd tnflaiiUe u poMd^; ud nlihough it wos pmpoM 
to banc dnokir ban and ndb, let na npposc the same qunatitp ■ 
nnttvii talm aa bafimibut imdar t. circular in place of a recttl 
gubr BtlfiiBai— it SHHti nlUa finV'toqiBre more time to get beala 
and ooMedi iriddiia tbe end we nowatlempi to gain. The Biiet ■ 
the panMognun were .884, and .136 of an inch, iho product • 
wfaicll two nmnbeni girea .0S22S4 of an inch for the area or mpe 
ficies of tbe panllelogram. To find the diameter of a c jS nJiia 
rod) «4iose circumference riKMiU contain a auperficiea equal tb da 
of die panllcdograni, divide .06S324 by .7854, and extncl A 
aquaie n>at of tbe quotient, wbich wiD give .368 of an incb, wi j awri 
as dw diameter of the rods, for .268* X. 7864— .0622798666. 

liCt die iniprored jor-ftame, or stiirup, therefore, be con^waed aftaf 
round ateel rods, .268 of an inch in diameter, and 8,S8 m^M f 
length, from shoulder to shoulder, at each of which pivoto ai4 tltk 
ed ; diose fbr die upper ends should be a quarter of an indi W4 
and about .190 <^ an inch in diameter, tqiped so as to acnwfimWk 
the u^>er brass cross piece, die distance fiom tbe centres ofdniiip 
ped holes m tbe traverse or cross piece requires to be S.8 inete ^ 
order to give freedom fbr the jar between the rods ; dte ki^ * 
tbe cross piece over all should be 8.3 iocbes, and its brraddi il '^ 
places where the rods are screwed in .460 ot an inch. At the vW' 
a dniidBr part is fbnned, .6 of an inch in diameter, in the ceaM ' 
wUdi a bide is taxied, by which tbe regulating screw may laiN '' 
lowe^ dte jar^ame widnut ^iwnging the place of die index piA' 
Tbe tinss piece maybe eidwr bnua or steel, diou^ dielatlariip^ 
hapa |itaferaUe: Ae pivots on dta lower end cf Am roda'nqrba^ 
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ttke same diameter as those on the upper end, but a little longer, and 
tapped a little way in on the ends, when well fitted into the lugs of 
the brass sole, on which the jar rests, and sunk a little way down in- 
to it : nuts are screwed on to the ends of the pivots, and sunk into 
die lower side of the brass sole ; care must be taken to have the dis- 
tance between the centres of the holes in the sole the same as in the 
croM piecei so as to make the rods stand parallel to each other. To 
go outside of the frame just now described, another is made to which 
is attached the pendulum rod, the regulating nut, and lower sole, in 
which is fixed the small steel uidex, which cannot change its place 
after being properly adjusted to it. The upper cross piece for this 
may be of the same thickness as the former, and in length not less 
than 4 inches ; a hole is tapped near to each of the ends, and their 
centres are distant from one another 3.56 inches nearly, and are wide 
enough to allow a round steel rod of .23 of an inch in diameter to 
pass freely through : the length of these rods, from the lower side of 
the cross piece to the upper side of the lower sole, is neariy 10.6 inches. 
The tower sole may be a brass wheel, crossed into four, the centre part 
bong large enough to have a hole tapped, ho us to fix the steel index 
in it ; the diameter of the wheel is the same as the length of the up- 
per cross piece, which is 4 inches, and the thickness .25 of an inch, 
or a little more : this sole, in which the index is fixed, serves also as a 
resting part for the pendulum, when it happens to be taken from its 
place. The upper end of the rods is fonned into a sort of double 
diouldered screw, the tapped part is a little mure than a quarter of 
aa inch long, and something less in diameter ; the length of the plain 
^ tapped part of the screw is about .7 of an inch, and when screw- 
^ into the upper cross piece, it bends to it; the lower end of the 
P^nduloin rod, which is formed something like an inverted and com- 

l^eased ^f having lugs or soles, through which the screws for fix- 
'Dg it pass. The regulating screw has an untapped or plain part, 
^Uch turns freely in a hole, in the middle of the upper cross piece, 
formed in the same way as the upper cross pi^ce for the jar-frame; 
^ nut or head of the regulating screw is shaped so as to lie under 

^ hoUow of the ^,, at the lower end of the pendulum rod, and on 
^'^ upper side of the cross piece ; the lower ends of the rods of the 
^^^■tside frame are gently tapered, and tilled into holes in the brass 
^*lteel, through the edge of which are put pins to fix them and the 
^^beel together ; this outside frame has no part in the compensation : 
^«*« brass cover for the jar has the lugs hollowed uni a very little, so 
^ to come in on the rods of the jar-frame ; the ends of the upper tra- 

AH 
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v«lWoriAU,U vdlatOe bp of Ab ju sole, are hid]c»«d,H^ 
lake h with • part of dw radi of flta ooMide frame, along which ib^ 
jw tnm» u aand np nd dowik As height of the glass jar oc^ 
aida k aboat 8 iidmi nd ito we^t ud other dimensions om«^ 
tha aiM ■■ thoM aWed fir tfaa dnncc peodulum, and the dianie^iq 
of asndHid .^ paitii.l66af*aaiBelL 

A vinr of tbs im frered mannl poiduluni is giveo in PLst, 
XT. No. 89. • i ia tha [ iwri Jm lod, c r, d d, the Biimip « 
fiana, wiUi ii tfta flwns fbi As jv • JJ and A A are (he imitia 6>t 

tha jw waA fat lbs f "fc*' ; j^ ii tha index which sones lo abmr by 

ttw gndMdad phAa^ And lo indda of Ae <-I(ir.k-<-iuie, tho numW oT 
d egi — ud BiiHlai awoag out by Ifaa pBadrfum. 8 tho regulating mtsw, 
■od u Aa Jv oorcr. 

B not to ba apwdnipaeling the expansion oTiiwrai- 
1 iridi dial of odMr malila, some making it Ifi lioM 
M gnatar Qmi ttMtof mik 

In ngnd to tha cohmn of wunrnf fcr a mercurial peoduhBD. 
Momeditig Jifwdi on ito dametar aa waD as height ; eiippoM lb 
lei^di of rtad to ba 4S io ch ea, and Aa edumn of mercuiy 
ea in- beqht, and S incbea in dwmahr, «iuch were the 
used in a pendahmi brou^ neariy to ka state of compenasticail 
maj dwn find bow man; limea tba azpanMoo of this column is M» 
tained in the 48 incbea. Saj, as 43 iocbes is lo 74, the expuaiM 
ratio of Bleel, so ia 7.0 incbea oi mercinj to its expansion for emr 



BUppOM lb 
ii7 7JijlM 
B diiDedB| 
tenasticaiS 



Length of ateel 48 inches - . - log. 

Ratio 74 log. 1.869SilT 



Hmriit of column of mercuiy 7.6 inches log. 0.8750619 * 
Ralw, 424.26 log. 2.6S7i3e9> ' 



3.60S7001 , 



By this procesa, it appeara that the uqiansion of mercury ii M 
quite 5.T5 timea that of ateeL A penduhim, whose vibntiaa 
three or fbor degrees on each side of ttte point of real, wiS leqo*' 
column leas in liei^ than thai wbicb vibrates oidy ooei dugn*! 
hence it is a vety nice matter to give [vecise rules for makmgaaV 
curial peodulimi that ahall at race be at the point of perfeot e>^ 



If dw steal rod a h, and rods of the jar frame of a meraaiil I* 
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» are lengdieiied by beat, tbe jar < ^9 contamiiig the meremy, 
rom diu cause, be let lower down, and the centre of oeciDatiofi 
led fiurther from the point of 8iiq>en8ion ; but the heat which 
)n8 the rod will at the same time expand the mercury upwards, 
this means the centre of oscillation is kept always at the same 
» from the point of suspension. When the rods are contract- 
shortened by cold, the mercury will also be contracted by it, 
mce the lengthening or shortening of ^ pendulum rod, by heat 
i,is compensated by equal and o]^>osite expansioosor contrao- 
f the mercury* 

I mercurial pendulum at the clock in the Royal Oboemdoiy of 
M;gh, had (after two adjustments being made for compeontkMi,) 
97600 grains Troy in the glass jar, say, 151b. Soz. lOdwt Troy, 
llH lb* avoirdupois.) The height of the column of mercury about 
tea, and diameter about 2.037 inches. 

Gridiron Pinduham* 
Lakmde,* on taking notice of clocks fitted for the use €t aatrono- 
■Kfs, ^ Pendulum rods which consist only of a single bar of iron, 
ngthen about one-fifUi of a line, nearly ike .0178 of an EngUJk 
or 80^ of Reaumur's thermometer, so that being regulated in 
», the dock will gain in winter 20 seconds a day.'' It is then 
BDt for astronomers to have the pendulum rod composed in such 
as to correct this expansion and contraction of metals ; several 
is for this purpose will be found in books just now quoted ; see 
f .the Chidiron^ contrived by Harrison about the year 1726, 
hich is, without doubt, the best of all those that have been pro- 
Graham made up one of them, in 1740, for the Eaxl of 
esfield ; most of the clocks for astronomers are fitted up on this 
lie. M. Lepautc, M. Berthoud, M. Robin, and M. Janvier, 
[is, have made a great number of them, and tiiey answer the 
file most complete manner. 

) gridiron pendulum is composed of nine round rods, five of 
are made of steel, and four ci brass, and is represented. No. 70, 
KT. where the steel rods are disdnguished from the brass ones 
darker shade. As it somewhat resembles the conunon gridiron 
sarance, it hence probably received its present name. Not many 
after this was produced, the French artists contrived a variety 
npensation pendulums, but the gridiron seems to be the one now 
dly adopted by them. The first pendulum of this kind nUch 

.LsUnde lostAU excellent iftrononucal dock, by sUowiDg it to go Im fMrt 
It dearnng, or even gifing it freih oiL 
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sleel; the propoitions may beas 26i8to28. The distance from Hm 
centres of the two outside steel rods is 2.5 inches ; the rods are placed 
equi-distant from one another, only there is a little more space left 
between the two brass rods nearest the middle steel rod, in order to 
give room for the fork to come in and clip the middle steel rod. The 
two outside steel rods are prolonged below their pinning in the low- 
eat tfaverse, as seen below e d^ about 6 or 6 inches within the ball, in 
order to keep it pri^riyflat in the plane in which the pendulum 
ibotild swing. In the middle of the lowest traverse c ct, is pinned a 
steel rode y^ somewhat more than a quarter of an inch in diameter^ 
and about nine inches long ; this rod goes through the diameter of the 
ball, equal portions being round it; the lower end/ is formed into a 
andshaip point as an index for the degree plate, fixed to the inside 
of the case, and for four inches or so below the upper end ; k 
ii tapped at that part which lies near to th^ centre of the balL A 
Aim cross piece of brass is fixed to the inside of the ball before fiUing 
it "vrith lead, the lowest side of which is in a line across the centre 
horizontally ; the ends of the two outer steel rods and the centre er 
isner rod, pass easily through this cross piece of brass: a hollow 
tiftie comes up within the ball as far as the under side of the inside 
ttoas piece, on the end of which, where the cross piece and ball reett 
is fixed within it a tapped nut, which screws upon the tapped part of the 
i^dex rod. On the lower end of the tube is soldered a sort of flat 
^soiacal head h, milled on the edge outside, whose diameter may be 
^inch, or an inch and a quarter. On- the upper surface of this nut 
<ue traced two circles, in order to put divisions between them and 
figures, so as to correspond with the turns of the screw in an indi. 
A anall steel indexc is screwed on to the lower part of the ball to point 
itt these divisions ; the lower end of the tube is a little below the 
edge of the ball, that it may rest freely on the upper end of the 
tube. The total length, firom the upper end g- of the pendulum spring to 
the index point / is 47.76 inches, a length of radius m^iich will re- 
quire the length of a degree on the degree plate, to be .833142 of an 
inch. The distance from the upper end of the pendulum spring to the 
centre of the ball is 42.6 inches very nearly, so that the centre of 
the ball is about 3.3 inches below die centre of opciUation. The 
kfwennost traverse c d, may be about half an inch thick, and its 
length and breadth such as to give it sufficient strength to receive 
&e outside steel rods, and the centre or index rod; the uppermost 
tnwerBe a 6 is nearly of the same dimensions ; the second lowev- 
nioflt tnnrerse n, and the second i^>penno6t, m, are nearly of dia 
flame size, and ahnoet equal to ihat of the uppermost and loweimoat, 
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onljthej aiealitde shortert having in tfieir ends a sortof UTkki 
through which, in the second lowennost ttavene, the outer sted mis 
pass easily, and throu^ these, in the uppennosi traveEse, Am ^nUr 
side brass rods freely pass. This traTerse is of course a little Aoflr 
er than the second lowermost ; in the second lowennost tiaverBe is piiir 
ned the ends of the outermost brass rods ; and in the second upper- 
most traverse are pinned those of the innermost steel and bntss loda « 
in tiie third lowest traverse is pinned the innermost brass rods, aarti 
the centre steel rod ; the dimensions of this are nearly the same mm 
the second uppermost and lowermost, only shorter, having a ktf* 
hole at the ends, through which the inner sted rods pass fiei^- 
There is a hole in each of the two uppermost traversesi ttmni^ 
which the centre rod passes freely. Towards the lower ends of 
centre steel rod, and those of the innermost brass rods, are two 
of holes, by which the third or upper of the lower travenes on hm 
moved or shifted up three or six inches, should the compensdioa hm 
found in excess. It would be convenient, when shifting, to Imm m, 
piece similar to this traverse, and three spare pins ; this piece bengKhM 
half of the traverse, it may then be applied to the tlnee rodsy iDiiii* 
ned, but not to the place where the shifting is to be madap llii 
piece will prevent the rods shifting away from one another, and rfl 
allow the traverse to be moved, and fixed to the intended phce. 

Two thin pieces of brass, p 9, r «, must be provided, having M 
holes in them, so that all the rods can move easily through them; lh0 
two outermost being kept rather a little tighter than the others ; tbeie 
pieces are intended to prevent tremulous motion in the rods cr pea- 
dulum, and are put at the same distance from the upper and lov- 
er traverses, as seen No. 70. The pendulum ball is compoaed cf 
two frustums of equal cones, the greater diameter is seven iadNi) 
the lesser four inches, and the height half an inch, giving by cikt- 
lation, 24.3474 cubic inches, the weight of which in lead is 9MI 
lb. The ball, when filled with lead, together with the outside bntf 
shells and inside cross piece, weighed 10 lb. 8 oz. The weiglil of 
the brass and steel rods, traverse pieces, pendulum spring, and lop 
piece, &c., was 5 lb. 18 oz. ; in all 16 lb. 5 oz. The clock ft> 
which this pendulum was put was a month one, and was kept going bf 
a weight of 7 lb. 7 oz. We cannot help thinking, that this pendJoa 
appears to be better fitted up than either Cumming's or BeitlKHMPSi 

The third lowest traverse being shifted up three inches, thne id 
then be this quantity less for brass and steel than has been beibn 
stated, the steel will be 36+d5+d7.628+3.94— 3 «■ 109.668 » 
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cfhesi and the longest braas rods may be taken at d6.49 + 84.&^-3 r=: 
66.99. Their lengths and expansive ratios may be given thus : 

Steel 109.568 inches, - - - log. 2.0396838 
Ratio 74, log. 1.8692317 

3.9089156 

Brass 66.99 inches, - . . . log. 1.8260100 
Ratio 121, lug. 2.0827854 • 

3.9087954 

The difference in excess of compensation is here extremely little, 
and is on the side of the steel rods, being scarcely an inch too much. 
In taking into account the length of the rods, those on one side along 
with the centre rod are only taken ; those on the other side serve as a 
kind of counterpoise, for giving an appearance of uniformity to the 
pendulum, and for preventing the weight of the pendulum ball from 
bttidfaig the rods, which it would do were they aU on one side. The 
WBUaibr of compensation may be thus explained : The steel rods go 
doiwnwards when expanded by heat, and the brass rods from the like 
canse, go upwards, and thus counteract the effect of heat on the length 
of the pendulum. A degree of cold will contract or shorten the 
ileel rods ; this will tend to bring the ball of the pendulum up ; but the 
ticass rods contracting at tho same time, allow the baU to go downwards^ 
hj which the effect of cold on the length of the pendulum is counter- 
acted ; so that whatever the temperature is, the centre of oscillation 
keeps always at an equal distance from the point of suspension, and 
hence the length of the pendulum is constantly and invariably the same. 
The comparative lengths of brass and steel rods may be computed by 
any other expansive ratio than those of Berlhoud, which we have used, 
such as those by Smeaton, or by that ingenious artist Troughton. Their 
liifierQiices wiU vaiy a little from Berthoud, but they will be very tri- 
fling. It win require long experience to know which are the best 
fbunded, as the going of astronomical clocks may be affected by other 
causes which have na connection with the compensation of the pendu- 
lum rod. 

A considereble time afler the giidiron pendulum was produced, 
some adopted zinc rods in place of brass, and from their greater ex- 
panaibili^f fewer were required, three of steel and two of zinc being 
Mifficieiit for the compensation ; but such of them as we have seen 
ajppeaied to have the zinc rods of a greater length than they shouU 
Ime been, according to the comparative expansions of zinc and steeL 
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Thej had also a laige cavity in the upper part of the ball for lodgng 
the lower traverse, which took away much of the momentum or force of 
the ball ; and the holes for shifting, being at the upper ends of the rodi, 
rendered it very inconvenient to adjust the compensation. 

The following lengths should answer very well for a pendulnm of 
this kind : The length from pin to pin, in the upper and lower tnyer- 
ses of the two outside steel rods, should be 27 inches, and 5 or 6 inchn 
more beyond the lower traverse, to go within the ball, for the Baiiie 
purpose that was mentioned for one having brass rods; fiom 
the pin, in the lower end of the middle steel rod, which is in a In- 
verse just above the lower one, to the upper end of the pendukn 
spring, should be 36.75 inches ; from the pin in the lower end of the 
middle rod to the centre of the ball, 4.75 inches, making in all 6&6 
inches of steel. The diameter of the steel rods should be .25 of aa 
inch. In the upper traverse is a hole, through which the midife 
steel rod must freely pass. The length of the zinc rods, from tte 
pin in the upper traverse to that in the upper of the lower travemii 
is 25.34 inches, and their diameter .27 or .28 of an inch or up- 
wards: there may be holes put near the lower ends of the luddb 
and zinc rods, for adjusting the compensation, like those in the \xnm 
rods ; the ends of the upper and lower traverses must have half bete 
taking in with the outside steel rods, pieces for preventing tremulous fO^ 
tion, and the manner of fitting up the pendulum ball and regukting ti^ 
&C. as has already been described for the gridiron pendulum. T^ 
lengths and expansive ratios may be put thus : 

Steel, 68.5 inches - - - . log. 1.8356906 
Smeaton's ratio for steel 138 ... log. 2.1998791 



3.9755697 



Zinc, 25.34 inches .... log. 1.4038609 
Do. for Zinc, .373 . - - . log. 2.5717088 



3.9765697 



i 



Pendulum balls composed of two equal frustums of cones, an 
view, or section of one of them is seen at S, No. 78, Plate XVI. 

In this pendulum, as in the gridiron one, the steel rods, when he 
cd, go downwards, and the zinc rods upwards ; it is the reverse wh^^ 
cold takes place. The zinc, which is used in these pendulums, must «»J" 
ways be understood to be that which is hammered half an inch p^ 
foot ; when hammering a bar or rod of zinc, it is necessary to ha"*'* 
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it Tory hot to prevent it flying or breaking ; hammering makes it have 
more expansibility, but whether it expands as much as Ward makes it, 
lemBins to be determined. 

EmcoWs Pendulum. 

Not many years aAer Harrison's pendulum was knowD, Mr. EUicotty 
and some of the French artists, contrived compensation pendulums 
in different ways, most of them having the ball adjustable by levers, 
which can never be equal to those in which the expansion and contrac- 
tkm act by contact in the direct line of the pendulum rod. Mr. Elli- 
cott was a very ingenious artist of the old school, as appears from sev- 
en! of his works ; and his pendulum evinces great ingenuity in its 
eoDfltniction. 

Ellicott's pendulum, shown in Plate XV. 71, consisted of two 

Wn, one of which a b was of brass, and the other of iron or steel. 

Mr. Gumming conceived, that where there were two bars only, a 

flBmre and unequal bearing would take place, and, therefore, an 

enct compensation could not be eflfected. To remedy this, he con- 

Jiilud the pendulum with two steel bars, and one bar of brass, 

II tiiown in No. 3. Into the lower end of the brass bar a 6, 

No. 1, was let one half of the diameter of a small steel roller r, the 

^Aor half being let into a movable brass piece, having two short 

ttnu 1, 2. These arms, by the levers m o 2, n o 1, movmg round 

• as fulcra, make the roller press equally on the lower end of the 

^^viss bar. The steel roller marked r, has a fillet raised up on each 

^^ for the purpose of keeping thi^ part of the brass bar at an equal 

^iitance from the steel bars. The length of the brass bar a b should 

^ 39.25 inches from the upper end which is square, to the lower end 

^kich is rounded ; its breadth three quarters of an inch, and its 

^iiickness at least one eighth of an inch. The steel bars are in 

^^Qgth, from the upper square ends to the centre of the ball, nearly 

^here the short arras of the levers act on the movable brass piece, 

^hout 39.75 inches ; and the bars are left broader here, so as to be 

ibout one inch and a quarter ; and this breadth is prolonged below 

^ end of the brass bar three quartere of an inch or more. The 

tbiekness of the steel bars is one tenth of an inch, and their breadth 

^bree quarters. The back steel bar has no opening in it ; but the 

^^Qot bar has one, which is represented in the drawing at A, No. 

^ In order to see the action of the levers on both arms of the 

niOTable brass piece, a cavity 8 8, 71, is left for this purpose in 

^ balL A piece of glass is inserted in the opening, so as to pre- 

v^t dust from getting into this part of the pendulum. This broad 

47 
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part of the steel bars serves as a kind of frame, on w^h are screwe^ 
two pieces of brass of the same figure as the steel bars, to conned 
them with that steel part of the lower end of the pendulum rod wiiM^ 
goes through the ball, on which is a nut and screw, and a stror^ 
double spring « « in 71, for the purpose of taking off somewik« 
of the weight of the ball, according as it bears too much or too liCftli 
on the short arms of the levers. The levers are shown at 71 acK 
No. 1 ; the screws and lower end of the pendulum rod the aut 
N, and double spring S S, in 71. The use of the nut and screw 
is to adjust the strength of the spring, as they have nothing to do 
in the regulation of the pendulum for time to the clock, wfaiek k 
done by an apparatus for this purpose at top comiected with the pen- 
dulum spring. In the brass pieces which are screwed on to the broad 
|mrt of the steel bars, the pivots o o of the levers turn. There is • 
piece of brass put on at top, formed so as to interpose a little vif 
down between the brass bar and the steel ones, keeping them at t 
proper distance from one another. The sides near to the square mk 
of the bars and this piece of brass are firmly pinned or screwed l»* 
gather. It is in this piece of brass that the lower end of the pfldjt 
lum spring is fixed ; the upper end being fixed to a piece, whick ii 
movable up and down in a fixed frame by a nut and screw. Ik 
[)cndulum is lengthened or shortened according as the pendulmn 
spring is let out or brought within that part of the frame through 
which the spring posses. The bars of the pendulum are coooected 
by four or five screws, equal spaces being taken for their places be- 
tweeu the centre of the ball and the square or upper end of the 
burs. The back bar is tapped to receive the screws, whidi go 
through holes made in the front steel bar to let them easily pass. 
On the shank or body of the screws are fitted hollow cylinders, eitlKr 
of brass or steel, and of such a length, that when the screws are put 
home there shall be no pinching of the front steel bar by the head of 
the screws. Rectangular openings are made in the brass bar, for tKs 
hollow cylinders to come through, whose length may be about equal 
to twice the diameter of the cyUnders, and so thtit the brass bar may 
(jasily move on tliem, by any small motion they may have in coutiact- 
ing or eximnding. On each of these cylinders is put two loose brass 
collets or washers, one between each steel bar and the brass bari to 
keep them free of each other. Their thickness should be at least M 
of an inch, so as to allow the air to pass freely between them. The 
small hollow cylinders, through which the screws pass when connect- 
ing the bars, should go easily into the front steel bar, the lower base 
bearing on the inside of the back steel bar. The upper base sbouU 
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ibove the sur&ce of the front W, fully more than the thickness 
itroQg writing paper^ so that when the screw is put home, the 
dder of it may not pinch the bar. The edges of all the bars 
lid be chamfered off from each side, so as to form an angle in the 
Ue plane of their thickness, for the purpose of giving them a 
BT appearance, and making them less susceptible of the resist- 
I of the air* The diameter of the pendulum ball may be seven 
B8 and a half, and its thickness, at the centre, about two inches 
a quarter* In the edges, and in the line of the diameter hori- 
illy across, are placed two long and stout screws g gf 71, 
16 heads have graduated circles on them, and are near the edge of 
Mil, and an index i t to each. The inner ends of the screws 
n at « «, are turned of such a shape, so as to apply by one point 
on the long arms of the levers m n, as seen in 71. The 
■hell of the pendulum ball is fixed on by four screws. It has 
objected by some, that, from the weight of the ball, the brass 
in a compensation pendulum are compressed, and the steel rods 
ihed ; a matter of no moment whatever, in our opinion. This 
however, in some degree, be remedied in EUicott's pendulum, 
laking the brass bar of such a length, as to come through and 
f the lower edge of the ball, in place of the steel part, which was 
aon to both steel bars, as has just now been described. This 
of the brass bar is tapped, having on it the nut and strong 
le spring, which takes off a part of the weight, as has been no- 
A certain portion of the weight of the ball, wiU, in this case, 
on the brass bar ; supposing it one-third of the weight, the re- 
ng two-thirds will be carried jointly by the steel bars. Al- 
;h the brass bar is here carried through the ball, it is easy to 
piece to it, movable on a pivot in the middle of the bar, hav- 
wo lugs applying to the edges of the bar, on which the short 
of the levers m n, may act, as was the case in the other by the 
tble brass piece. 

lings being in this situation, let us suppose that the bars com- 
ig the pendulum rod are lengthened by heat, and that the brass 
bens more than the same length of steel does ; then the brass 
&, by its excess of expansion, will press down the short ends of 
Bvers m n, at 6, and consequently raise up the ball, which, by 
crews 9 «, rest on the long arms m n, of the levers ; and, pro- 
the ends of the screws press on the levers at a proper distance 
the centres o o, the ball will be always kept at the same distance 
the point of su^nsion, notwithstanding any alteration the rod 
e pendulum may experience from heat or cold. What this dis- 
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Mr. Snettftfa tiotupenaitiDn pesdnlmn '(Fhto XT. 7S,) tlHMrtf ' 
a ^Bsa lod'A B, half hn iucb or iMn in diameter,, and IBli'llIll" 
long. ToflHi iqiper endiaftuddte peodnhim ^ring t ^ MUMVlK 
screw f,alUI regaling nutfk'AlMiii tiibeorriDg«,af BtMMrtlk 
in leoglh, ia pM to more eaaSj in 'die'lower eail of the rod, having ■ 
fillet at eeeii «aL one beadriiig tm. dw ngnlatkig nut, the other oup- 
porting dM «itai| iron, aad lead tuboe, wUcb compose what may be 
called diB pabNhim ball TIm iliie cyliDder or lube is I2i ittehe* 
in length, -Jdi of an inch tUck, and fit* taailj on the glasR rod, tlw 
lower end raiting on the tqtper fiDet of die bmsti ring. On ihc cifM' 
lube is put aaotber of irm, ]2 inches long, and f ih of an inch itucfe 
easily movable on the zinc lube, with a kind of bottom to it, in iptf^ 
is A hole tor (he g\aaa rod to go freely through. The bottom ia U^ 
pcrrnost, and rests on the upper end of the zinc tube. Hie lua** 
end of the iron tube baa a fillet on its outside, on irtiich reato alo* 
den tube of 12 inches long, and -J-th of an inch thick, and iriuch gi^* 
easily orer on the iron tube. The outside diameter of tite leaA^*' 
tube will be nearly two inches. Although this pendulum will not ^ 
thought elegant in appearance, yet it is said to have anawarad t^* 
purpose of compensation very welL A section of the rod and bfe^* 
is sliown at S. 

As glass does not suffer much expansion or contraction fiom bi^*' 
or cold, it will be the more easily compensated. The glass rod A-' 
(if this pendubm being supposed to lengthen in a nnall degree S7 
hcni, is cmnpensated I^ a zirtc tube of twelve inches and a tpmr9tt 
]on<r, wboae lower end resting oo the lower end of the ^aaa rod, ma" 
lie carried down by the lengthening of the gtass rod, but the saiV 
cnii.se which produces this, will make the xinc tube exptad 
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which will cany up the iron and leaden tubes. The iron tube has in 
this case its expansion downwards, and the leaden tube compensates 
this by having its expansion upwards. 

Reid'a Pendulums, 

This compensation pendulum (Plate XVI. 74,) is composed of a 
zinc tube A B, and three s{eel rods, a 6, c d, e/. In order to obtain 
a proper tube, the zinc must be very gently fused into a bar about 
an inch square, and 24.2d inches long, and the mould into which it 
is poured should be upright, or nearly so. Let this be very carefully 
hammered to half an inch per foot, meanwhile keeping it pretty waim 
to prevent cracking or breaking. Afler this operation, a hole is pierc- 
ed straight through the bar, from end to end, and opened up by 
means of a clean cutting broach, until it is .450 of an inch, or 80» 
in diameter. The outside may be turned down till it is .7 of an inch* 
or less. The length should be 26.34 inches, the same as the,unc 
rods were taken at The steel rods must be a quarter of an inch 
in diameter ; the length, from pin to pin, in the upper and lower trar 
verses of the two outside steel rods, c d^ e f^ 27 inches, five or mx 
ioches more being prolonged to go within the ball. In the middle 
of the lower traverse m n, is pinned a steel rod g A, somewhat more 
than a quarter of an inch in diameter, and nine inches long, which 
comes through the centre of the baU, which is fitted up in the same 
way in every respect as ^I'as described for the gridiron pendulum. 
The steel centre rod a 6, goes up inside of the zinc tube, from a pin 
ia the lower end of it, which is in a traverse a very little above the 
lower one, its length, including the pendulum spring, is 36.76 inches ; 
firom the pin in the lower end of the centre rod, to the centre of the 
bellv 4.76 inches. A hole in the upper traverse o p allows the cen- 
tre rod to pass fireely through. The lower end of the tube rests 
on the traverse g r, in which the centre rod is piruied. The upper tra- 
verse bears on the upper end, both traverses having a part turned from 
them, about one-tenth of an inch in height, and of such a diameter 
as to go into the ends of the tube, for the purpose of keeping it to 
its proper place. The distance from the centre of the holes in the 
upper and lower traverses, about 1.26 inch, which will be enou^ to 
make the two outside steel rods stand clear of the zinc tube. A thin 
piece of brass, with three holes in it for the outside steel rods and 
tube, might be put half way between the ends of the tube, to pre- 
vent any bending, or tremulous motion, a thing, however, not likely 
to take place. It would be proper to have a few holes in the tube, 
forthe purpose of admitting air more fi'eely to the centre rod* 
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Tlie centre steel rod a 6, when lengthened by heat, will nmlkb Ae 
lower end B of the zinc tube, (which is supported by the lower end 
b of the steel rod a 6,) descend with it; but the same cause wlikk 
lengthens the steel rod a b downwards will expand the zinc tube A 
B upwards, and this wOl carry up the two outside steel rods with wfaicb 
the ball of the pendulum is connected : their expansion downwardly 
as well as that of the centre rod, is compensated by the upward ei- 
pansion of the zinc tube. The length of the steel rods and of (he 
zinc tube, has been shown to be in (nroportion to their expansife m* 
ties. 

It is about fifleen years since we contrived and made this kU 
of compensation pendulum, which seems to do -very well. The fol- 
lowing is of another kind, but we never had it put in executioii, al- 
though there is no doubt but it would serve the purpose extremely w4 
notwithstanding the risk arising from the brittleness* of the glass. 

Provide a white glass tube, A B, Plate XYI. 75, whose outside di- 
ameter is -fths of an inch, its inside diameter |ths^ and its length 54 iadi- 
e^ Such a tube may be supposed equal in strength to a solid glaiiiod) 
and will be considerably lighter. Make a zinc tube D £, from t 
square bar, hammered, &c. in the same way as has just now been direel- 
ed, its length being 16.3 inches, and its inside diameter -fdis of anindit 
or as much more as will allow it to move freely up and down on <he 
outside of the glass tube. If the thickness of the zinc tube is ith of 
an inch, it ought to answer very well ; if it is somewhat thicker, it may 
answer even better. There must be a core of brass fitted to each end 
of the glass tube, ground gently into the glass, and fixed in by some 
of the lime cements. To make the fixing more secure, a hole might 
be bored through the tube and core, about half an inch from each 
end of the tube, and a copper pin put through them. The core m 
the lower end must have a small cylindrical piece, or wire formed 
from it of .3 or .4 of an inch in diameter, stretching 1.5 inch beyond 
the end of the glass tube, and tapped for the nut inside of the zinc 
tube to work upon. The regulating nut D should be under the pen- 
dulum ball c, yet a little free of it, as it would be difficult to get at it, 
were it placed near the lower end of the rod. The core at the upper 
end has also a part of the brass, a little way above the end of the tube, 
for the purpose of fixing in the pendulum spring. The zinc tube 
goes up to the centre of the ball, which rests on the end of it ; the 
lower end, having the tapped nut in it, bears on the regulating screw. 
The nut may be either soldered into the tube or not, provided it is 
fast there. As both the glass rod and zinc tube are round, and go 
through the ball, it will be requisite to have something to keep Ae 
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its proper swinging position. For this purpose, let a biBss 
' an inch and a half in length, be fitted 9tr<mgly spring tight 
^ass rod, and put on above the upper edge of the balL To 
er end of the brass tube or socket is fixed a traverse piece, 
kh are fixed two steel rods, a quarter of an inch in diameter, 
c inches long. These go within the ball, in the same maoner 
ower ends of the outside steel rods in the gridiron penduhmi. 
[stance between the holes in the traverse should be 3 inches, 
» each rod should be distant outside 1.5 inch from the centre 
glass tube. When the traverse with the spring tube is once 
that the ball may have its proper position, it cannot be easily 
. The length taken for the zinc tube is rather in excess for 
impensation of the glass rod, and should it be found so, the 
m readily be shortened. S is also a section of the ball of the 
be pendulum, glass tube pendulum, and wooden rod pendulum. 

glass tube having a length of 54 mches, will, when expanded 
if carry down with it the zinc tube, whose lower end rests on 
the glass tube. The centre of the ball of the pendulum, lesl- 
the upper end of the zinc tube, will expand upwards from the 
»U8e which lengthens the glass tube, and, by this means, carry 
Jl of the pendulum up, and keep the centre of oscillation al- 
it the same distance from the point of suspension. The length 
glass tube rod, and its expansive ratio, will be found to be in 
typortion to the length of the zinc tube and its expansive ratio, 
the glass rod b not very fit for the pendulum fork to worii on, 
lowing apparatus is proposed, and has been found in other cases 
twer the end as well as could be wished. See Plate XY. 73. 
k is a hollow cylinder of brass 1.5 inch long, which fits the glass 
ther more than spring tight It is made a little thin near the 
and at the middle it is left thick, having the appearance of a 
ring, a, cr, a, a, formed on the cylinder, into which ai^ fixed 
Yots p, p, a piece of brass not very thick, .3 of an inch broad 
bent up nearly in a bow form, as at B, B, having a small hole 
h end, 6, 6, to receive the pivots p, p. One of the ends must 
"ewed on, in order to get the pivots more conveniently into their 
At the end or middle of the bow is a solid or round knob of 
C, in which is a hole tapped to receive the screw D, the head 
lich is milled on the edge and sunk on the outside, to receive 
ound flat piece of brass £, which snaps easily in like a barrel 
, and is not left so tight but that it may be easily turned round 
place, without any risk of coming out, and supposed to have no 
I outwards. Into the piece £ is fixed a piece of brass, having a 
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lioiein itto receive the pin of the crutch. Two views of thispieM 
are seea at F F. When these pieces are all combined to act in their 
places, it can easily be seen, that, by turning the miUed head of 
the screw D, holding the piece F in its front view position, the cralch 
{Mn will be made to move out or in, according as the screw D ■ 
turned, by which the clock will be set on beat, to a degree of nice^ 
which is not easily obtained by bending the fork or crutch shank. 

There are other modes of putting a clock on beat, but they gene- 
rally consist of an apparatus for that purpose, carried by the ciutdi 
or fork, which is a load on the cock pivot The one which has beoi 
described, has the advantage of being supported by the penduhun rod. 

TVaughion^s Tubular Penduhtm. 
Mr. Edward Troughton's tubular pendulum, 'is a very neat tod 
ingenious one, in every respect worthy of that celebrated artbt, to 
whom science is so much indebted for the great perfection to which 
he has brought the dividing of astronomical instruments. Having 
a good opinion of the pendulum, we shall give it a place here. See 
Plate XVI. 76. 

This pendulum, Mr. Troughton says, in his description, b 
** drawn to a scale of one-eighth of the real dimensions, ei- 
hibits the shape of the whole instrument, in which the parts 
of action being completely concealed from view, it appears, ex- 
cepting the usual suspension spring, to be made of solid brass. 
This figure gives a front view of the pendulum. The form of 
the bob is used more on account of its being easy to make, 
and sightly, than from any other considerations ; it is made of one 
piece of brass, about 7 inches diameter, 2.5 thick at the centre, and 
weighs about 15 lbs. avoirdupois : the front and back surfaces are 
spherical, with a thick edge or cylindrical part between them. The 
apparent rod is a tube of brass, reaching from the bob nearly to the top. 
This contains another tube and five wires in its belly, so disposed as 
to produce altogether (like the nine-bar gridiron of Harrison) three 
expansions of steel downwards, and two of brass upwards; whose 
lengths being inversely proportioned to their dilatation, when properly 
combined, destroy the whole effect that either metal would have singly. 
The small visible part of the rod near the top, is a brass tube, whose use 
is to cover the upper end of the middle wire, which is here single, and 
otherwise unsupported. 

" Reckoning fi-om the top, the first action is downwards, and con- 
sists of the spring, a short wire 0.2 diameter, and a long wire 0.1 
diameter; these all of steel, firmly connected, reach down within an 
inch of the centre of the bob, and occupy the middle line of the whde 
apparatus. To the lower end of the middle branch is fastened the 
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ir end of die interior brass tube, 0.6 in diameterf which termi- 
9 a little short of the top of the exterior tube* and produces the 
dilatation upwards. From the top of the interior tube depend 
wires 0.1 diameter,, whoee situation is in a line at right angles 
e swing of the pendulum, and reach somewhat lower than the 
ihed tube itself, which they pass through without touching, and 
i die second expansion downwards. The second action iq>- 
\b is gained by the exterial tube, whose internal diameter just al- 
the interior tube to pass freely through it ; its bottom is comiect- 
ith die lower ends of the last described wires. To complete die 
isetion, a second pair of wires of the same diameter as the former« 
occupying a position at right angles to them, act downwards, 
yng a little below the exterior tube, having also passed throu^ 
interior one without touching either. The lower ends of these 
I are fiswtened to a short cylindrical piece of brass, of die same 

le. 

Noi 1, 18 a full size section of the rod, in which die three coo- 
tie circles are designed to represent the two tubes; and the 
angular position of the two pair of wires round the middle one, 
shown by the five small circles. By copying this arrangement, 

the elegant construction of your own half seconds pendulum, 
iL Jowmal for August 1799,) I avoided much trouble, which must 

occurred to me, unless, indeed, I had been impelled on die aame 
by the difficulty of contriving the five wires to act all in a row, 
sufficient fi?eedom and in so small a space. 

No. 2j explains the part which closes the upper end of the 
lor tube : the two small circles are the two wires which dq[>end 

it, and the three large circles show the holes in it, through which 
diddle and other pair of wires pass. 

No. 3, is designed to explain the part which stops up die bottom 
le interior tube ; the small circle in the centre is where the middle 

is fastened to it ; the others the holes for the odier four wires to 
dux>ugh. No. 4, is the part which closes the upper end of the 
nal tube; the large circle in the centre is the place where the 
I covering for the upper part of the middle wire is inserted ; 
the two small circles denote the fastening for the wires of the last 
Dsion. No. 5, represents the bottom of the exterior tube, in 
hthe small circles show the fastening places for the wires of the 
id expansion, and the larger ones the holes for the other pair of 
I to pass through. 

No. 6, is a cylindrical piece of brass, which shows how die 
r ends of the wires of &e last expansion are fastened to it, and 

48 
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die hole in the middle is that whereby it is pinned to the centre of the 
bob. The fastening of the upper ends of the two pair of wires is done 
by screwing them into the pieces which stop up the ends of the tubei: 
but at the lower ends they are all fixed as represented by No. 6. I lii?e 
only to add to this description, that the pieces represented in Nos* 6t ami 
6, have each a jointed motion, by means of which the fellow wires of 
each pair would be equally stretched, although they were not exactly of 
the same length. 

^ In the apparatus thus connected, the middle wire will be strelcb- 
ed by the weight of the whole ; the interior tube will support at iti 
top the tdiole except the middle wire ; the second pair of wiree vi 
be stretched by all except the middle wire and interior tube ; tiie eilo- 
rior tube supports at its top the weight of the second pair of wires aad 
die bob, and the second pair of wires are stretched by the wd^ of tk 
bob only. 

*' The first pendulum which I m^ de of the tubular kind, had ody 
three steel wires, and one tube above the bob ; that is two expaneioBi 
down and one up ; and the quantity which one of brass falls short, 
to correct two of steel, was compensated for by extending those bwKb- 
es of the rod below the bob, and bringing up an external tabe is 
which the bob was affixed. There is an awkwardness in this cos- 
struction, owing to the rod reaching about 13 inches below the lower 
edge of the bob, otherwise it is not inferior to the one first de- 
scribed." 

Ward's Pendulum, 

The rod of this pendulum consists of two flat bars of steel, and ooe 
of zinc, connected together by three screws, as shown in Plate XVI. 
T7, No 1. No. 2, is a side view of the pendulum rod when the bars 
are together ; " hh, «i," says Mr. Ward, " are two flat rods or bers 
of iron, about an eighth of an inch thick ; M is a bar of zinc inter- 
posed between them, and is nearly a quarter of an inch thick. Tbe 
comers of the iron bars are bevelled ofl*, that they may meet with less 
resistance from the air; and it likewise gives them a much h^^ 
appearance. These bars are kept together by three screws, /, li '» 
which pass through oblong holes in h h and k k, and screw into 1 1. 
The bar h h is coimected to the one k k by the screw tn, which is 
called the adjusting screw. This screw is tapped into h A, and pas- 
ses barely through k k ; but that part of the screw which enters k k 
has its thread turned off. The bar 1 1 has a shoulder at its upper 
end turned at right angles, and bears at the top of the zinc bar ^ i^i 
and is supported by it. It is necessary to have several holes for the 
sc rew m, in order to adjust the compensation. Nos. 3, 4, 5, are a 
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aide view of each bar separately. No. 6. shows the flat side of the zinc 
Jbar. No. 1. is a front view of the pendulum rod when screwed together. 
The letters have the same reference to the different figures." 

The front steel bar being lengthened by heat, and having its expansion 
^iownwards, will carry along with it the zinc bar, whose lower end 
is supported by a screw in the front bar; the zinc bar in this case 
win have its expansion upwards, and carry up the back steel bar, 
whose upper end rests by means of a knee on the upper end of die 
zinc bar. The pendulum ball hangs to the lower part of the back 
steel bar, which has its expansion downwards ; but the two expan- 
aions downwards of the steel bars are compensated by the upward 
expansion of the zinc bar. 

Mr. Ward's pendulum must be allowed to be a very excellent one, as 
h possesses the advantage of permitting the compensation to be readHy 
and easily altered. The description which has been given of it in the 
Transactions of the Society for the Encouragement of Arts, &c for 
the jrear 1807, and in the pamphlet which Mr. Ward published at 
Blandford in 1808, contain sufficient details to enable any conunon 
dockmaker to copy it We have only to add, that there should be a 
9ftare screw, for shifting the compensation, and that the screws connecting 
Qie two steel bars and the zinc one should never on any account be mov- 
ed. It will be found of great advantage to have a spare screw, which 
may be put into that place which is supposed requisite to correct the 
compensation ; and then release the one supposed to be, where the com- 
pensation is thought too much or too little. Our experience with it 
soon led us to this contrivance. Having made one of these pendulums, 
we shall now give an account of its dimensions, &c The distance 
finom the upper part of the pendulum spring to the centre of the ball, is 
40.75 inches ; and to the lower end of the front steel bar, 2 feet 11.6 
inches. From the upper end of the zinc bar, where the back bar of steel 
rests or hangs on, to the centre of the ball, is 2 feet 6.25 inches. The 
steel bars are forged from cast steel, and annealed ; their breadth is 
three quarters of an inch, and their thickness about one-tenth of an 
inch. The length of the zinc bar is 24.8 inches ; and its thickness a 
little more than two-tenths of an inch. The centre of the ball hangs 
on the end of the tube of the regulating nut, where it was tapped, to 
woric on its corresponding screw, made near the lower part of Uie back 
bar, formed here into a round rod, the lower end of which is a point, or 
index, to a graduated plate fixed to the back of Ae case, and 6.25 
inches below the centre of the ball The weight of the ball is 13 Uh 
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2 OS. ; that of the sine and steel bars, nut, penduhim sgmg^ and eoiiiiee&> 
ing screws, 2 lb. 13i oz. ; weighing in all nearly 16 Hb. In makingiip 
steel bars or rods for any compensation pendulum, it is proper to bettor 
blue them after they are finished, which will dispel whatever magnrtin 
tiiey may have acquired in working them up. The sEinc bar of this pa- 
dulum, ' when brought near to the length of compensatioD, was abootU 
inches. Taking the length of steel to be compensated by this at 61.71 
inches, we may find what the compensation of the zinc shoukl be, if Ai 
sted is rightly taken at 138. 

Steel in inches 61.75 .... log. 1.79O6370 
Ratio 138 log. 2.1398791 



■ to 



in 

Is 
n i 
3.9305161 liiT 



Zinc in inches 21 - - - - log. 1.3222198 
Ratio 406.7 log. 2.6082968 






3.9806161 

The expansive ratio here is greater than 373, as given by BIr. SmertJIi 
but is not equal to 420, as given by Mr. Ward, firom trials made will lb 
pendulum. 

The three zinc pendulums which have been described, have each iMtp^ 
culiar properties. The zinc rods ofthe gridiron one are very troublesome 
to make ; but they are more exposed to the air or to changes of tonper^^ 
ture, are easy to adjust by means of the shortest traverse, and the sets 9^ 
holes which are in them and the centre rod. When this pendulum is wd^ 
executed, it is perhaps the best ofthe three. The one with the zinc 
is the strongest, the bearing on it being more firm and direct than in 
ofthe other two, only it has no means for adjusting the compensation, 
less by shortening the tube from time to time, according as the excess 
its compensation is shown. Something might be contrived to adjust i 
without taking it from its place, but this would be too complicated ; 
that the shortening of the tube by degrees is rather the better waf. 
Ward's is much more easily made than the other two. Those who 
gridiron pendulums should have a half traverse, with three pins on it, 
ilar to the shortest one in the pendulum, which will be found very 
nient, when it is necessary, to shift for compensation. The half tra^ 
and pins should be put into the holes, where the traverse in shifting is 
to come. This will keep the pendulum rods in their places, and serve i 
the same way as the spare screw proposed for Ward's pendulum. 
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Rhombaidal Comp€n$aHon Penduhtm. 

k groal many years ago, an old clock was put into our handSf 
idi had been made in this country, having a pendulum of this 
i, consisting of seven or eight lozenges or rfaombi, with diagonal 
I to each, so as to make a sort of compensation to the pendulum rod. 
sin readfly be seen, that when heat should elongate the sides of 
ihombi, it will also elongate ihe diagonal bars, and cause their ends 
press against die internal and horizontal angles of the lozenges ; by 
, Urn distance between the vertical angles will be kept invariably 
same, and the centre of oscillation will be kept constantly so. The 
ct of cM on Urn ibombi or lozenges will be in the reverse order ; 
if Aere is a due proportion between the length of their sides and 
of the diagonal bars, it is likely to compensate the effects of heat 
cold on die pendulum. We shall hazard a proportion: say, for 
IsDgdi of the diagonal bars about six inches, and the distance 
VMO the vertical angles about five inches and six-tenths of an 
i» Ae number of lozenges being seven : experience alone can best 
HMM what these measures and numbers should be. A compen- 
a pendulum rod of this kind was certainly an ingenious contriv- 
){ Ae idea, we presume^ seems to have been taken from the form 
ha tongs used by the HoUanders, when taking any live piece of 
iog coal or charcoal to light their tobacco pipes with. A great 
eliom however, to this kind of pendulum rod, is, that there are 
manj points of oblique bearing in it. 

ome of Ae French artists have lately proposed to have one lo- 
fb only, which would surely be unsightly, from the great lengA 
Ae diagonal bar must have, and the clock-case much distorted 
lootain such a pendulum. For more on this subject, see the Ap- 
is to the ninety-second volume of the Monthly Review, or lome 
AdUssf de$ Dicauneriea. 

On the Wooden Pendulum Rod. 

he wooden pendulum rod does not come under the class of those 
h have just now been described ; nor can it be supposed equal 
oj metallic compensation one. Having a good opinion of it, 
evert we put to trial one of them made of a very fine piece of 
g^il-grained deal, that, for the purpose of seasoning, had been 
: for five years near a parlor fire, which was almost constantly 
bed throni^out the y^Me year. The rod, when dressed up and 
d to Ae ball, and the pendulum spring put to it, was well var- 
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nished, so as to exclude any possibility of its being afiected by diiii|i. 
It was then applied to the clock, which, v^n regulated, went fer | 
about sixty days, during the months of June and July^ without Mf 
apparent deviation from time ; the very dry weather made the fingi 
for the clock-case shrink a little. When these were again made Don 
secure, the clock, during a trial of many months, could not be broaglit 
to give the same satisfaction. Whether this was owing Id die woodet 
rod, or to what cause, we shall not at present pretend to detenank 
On this ' pendulum being taken away from the clock, a mercuiial ooa 
was put in its place, having the same pendulum spring which waiii 
the wooden rod, and every thing else being in the same state as b«* 
fore. The difference in the good going of theclock afler this, b«* 
came truly astonishing, and may be considered as a striking proof <f 
the great superiority of the one pendulum over the other* 

It must here be observed, that although the comparative tml lif 
the same clock, with the mercurial and wooden rod penduliuii8,«ii 
in favour of the former, yet this clock and another were fixed oati* 
planks, exactly the same as those described in the following dbs^ 
and strongly fixed to a stone wall, opposite the brick wall when te 
other two clocks were, which gave rise to the discovery of their pn* 
dulums affecting each others motions. Not being aware of this itte 
time of trial, the errors of the going of the clock, while the woodoi 
rod pendulum was used, and the good going of it when the mercmiil 
pendulum was applied, may have arisen from various causes, such i* 
the elasticity of the plank on which they were fixed, or the pendfr 
lums being of unequal length and weight. This much may positivdy 
be affirmed, that they were not going under such circumstances as^ 
have a fair trial. We propose, however, to repeat the experiment wit 
the wooden rod pendulum, applied to another clock, placed in a mof^ 
insulated situation. An eminent American philosopher says, that de^^ 
has little or no longitudinal expansion, making it less than glass, 0^ 
may be seen in a Table of Expansions. Edinburgh Encychp€tdi(u 

In the Astronomical Observations published at Cambridge i^ 
1769, by the late Rev. William Ludlam, Professor of Mathematir^ 
in that university, he has described a very neat and ingenious m^ 
thod of fitting up a pendulum with a wooden rod, constructed for tb^ 
purpose of preventing any gyratory motion from taking place, as we^ 
as to have some resistance from the air. This was effected by having 
the pendulum ball of an equal mass round the centre of a tood^ 
wooden rod, and by a thin flat hard steel crutch, to give impulse 
on the hardened ends of two screws put through the rod, which 
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ere to keep the flat crutch as near as possible in the plane or line of the 
■meter of the pendulum rod, or at right angles to the middle plane of 
m paodulum balL This ball was nearly of the form of a cheese, or the 
iddle frustum of a globe. For a more particular description of it, see 
udhm's ObservaUona, page 81, plate Y. 

From the description given of this pendulum by Mr. Ludlam, it ap- 
Mn to be a very complete one, and several persons were on that ao- 
Mnt led to adopt it ; but, from our experience, it was found to be much 
ftrior to what might have been expected, and to possess, rather in a 
nil degree, the very defect which Mr. Ludlam wanted to avoid. The 
tali coming and going of the pendulum rod by heat and moisture, 
loses die screws to come and go from the crutch, sometimes to clip it 
ud, and at other times, to allow it to have more freedom between the 
ids or points of the screws than is proper. Finding that it had a strong 
ndency to gyratory motion when the clock was set Rrgoing, (which how- 
m diminished some time after,) arising from the mass of the ball being 
mied out from the centre towards the edge, and from a thick rod pass- 
gttnm^it 

Wa thought of the following pendulum, which was afterwards put 
I execution, where the greater part of the mass of the ball is kept 
t die centre, and where the least quantity possible is towards the 
Ige. A drawing of this pendulum is given in Plate XYI. 78. The 
il is of a lenticular form, 7 inches in diameter, thickness at the cen- 
« 2.5 inches, as seen at A A, having a round wooden rod C C, 
hoot .6 of an inch in diameter, or thereabout The rod may be 
iftflr round, flat, rectangular, or elliptical. This last is perhaps the 
«it form ; the transverse diameter being 1.5 inch, and the conjugate 
^ of an inch ; aa^ a a, are two small round steel wires, whose 
hneter is less than .2 of an inch, or say .176 of an inch, the length 
RMS pin to pin about 8.6 inches. They might be kept shorter if care 
>WB taken to regulate the length of the pendulum by the going of 
Ik ekK^ before fixing their length ; in which case, they need not 
Moject more than .2 of an inch beyond the diameter of the ball. The 
Mies of these wires are one inch apart, each passing through 
■^ ball at half an inch from the centre ; 6 1, 6 2, are two pieces 
'brass, into which the ends of the steel wires are fitted and pin- 
^ fiurt ; their shape is represented in the drawing. In one of them, 
^ li IB a socket, in which the lower end of the rod is fixed ; and in 
"^ fewer one 6 2, the regulating screw d passes freely through : x, 
' tte two brass milled nuts, tapped to receive the screw d, which 
"* abo a conical milled head fixed on it ; the lower end of the 
'^w serving as an index for the arcs of the pendulum's vibrations. 




Ob te ipp« tpd •ftta Mmr, te kmr edge of d»f«iWa» 14^ 
— d nJMB MOfd «p <f dofim by di» aeraw, d»anli «iC^ ■*4M 
«gnBildi»biMipieoeftJ|iD«edarlokaflpallfiflt . .,qj..|4 

Iha mhaaiafim wUdi tkb peDduhmi poiiBMOii «n i«7,«y|| 
The whole of flw momenhm of the ball is w veoclhe eeatn^ 
e lorf alBedf motiaii; and ahould anj kqglhirin 
of Ihaiedaedatoal whoa tahe fko^ thfa «il m MM 
pee he nnaitiiHiiiil bj dia baU. Should diej ki«AnkJb||M 
eaoaairill anhadia oaDtoa of dia ball get iqnviida, Urn a<|HtJm 
whib iiialiBg oii Ihe andof dia leguhdng aoiewt and «i0a^(p%| 
piaoe of flat bnaa M fitted end pinwd mto dia vffar ppi^fl^lkM 
O C, ea eaaft m die drnwh*. In fimiit of dM leoCapgnlar hiiirH 
m dua piaee of hmm to leoam die cratch pint a part of 4l jl|^ 
tahaBMPajt fa^oBdardiat die eniteh nidi ha pin maj. (aim 
dM^be'to dia piaeeof bnaa. The pieoa of bnaamnUq)^ 
end of Ike pandnbim apring iat ia fitted to die top of dM mArJ 
pma dnoiigh itf to make it &at dieve. The upper end ja. 
piece of bna8» lAadk goea on a ated artxHr, banng pifota l^iiH| 
eocki and turn fimefy on it| ao dnd the pendnhim my tokn Ha jiJ^PJ 
itenhmigoB* . . .ie^ 

It haa been o bac nr e d bgr aome oabinet*iiiaken, diet fioai dwii 
whoae aidea and bottom were of cedary there issued efflufimi ttBtafP 
sated the oil at die locks^ and thickened it so mucbt that the'locka faentt 
of no use till they were taken off and cleaned. 

Pendulum rods have sometimes been made of cedar woodi aal ^ 
objectionable on this account, as the oil at die pivot holes of thschd 
becomes tluckened by it Periiaps if pendulum rods of cate atti 
strongly varnishedt this might deprive the wood of this iospittidni 
4]uality* 

It is of the utmost importance to have the pendulums af diik 
well fixed at the point of their suspenion ; and the cock to liU 
they are suspended slioukl« at the same time, be strong and fttk 
fixed to the wall of the place where the clock stands. This la^tt 
to be particularly attended to in turret clocks, and still moreio'i 
clocks intended for astronomical puiposes. These last ou|^ lo b 
placed upon an iron bracket, strongly fixed to as massy a stone |k 
as can poaaibly be got into the place where the dock is to atand W' 
have had an instance of a pendulum which was so well fixed up, t^ 
there did not appear a possibility of its being made any finnsTi ' 
that the motion of the pendulum could in the least afict the 00^ 
and suqiension, yet the are of its vibration was a little inereaaad, t^ 
having made conaideiable exeitionB to put flurther home dM 9en0 
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fcc concerned with the fixtures of the cock and the suspension of 
the peiduluni. The arc of vibration did not exceed two degrees on 
eKh side of the point of rest, so that its motion, or centrifugal force, 
oonld not be very great at the point of suspension ; yet small as this 
face was, it is clear that it was sufficiently great to affect the cock 
iJHre, as this cause made the arc of vibration of less extent than when 
the suspension was aflem-ards more firmly fixed. We have suspend- 
ed the pendulum on a strong brass cock, which was either riveted 
or screwed to an iron plate. This iron plate was screwed firmly to the 
win, die back of the clock-case being between the plate and the wall, 
ud sometimes a notch was lefl in the pillar plate to receive the end of 
ik biius cock, by which means the clock frame, and the pendulum 
mpension were made to keep together as nearly as possible; and 
vkoD every thing here was so far adjusted, a strong screw with a 
iqoue head was put through the cock, binding it and the pendulum 
Idpfiece firmly together. Another way is, to have two brass sup- 
ports screwed on to a very strong seat board. These supports may 
be iboot one inch broad and half an inch tiiick, and in height about 
■X inches more or less, according to the hei^t of the bending of the 
pendulum spring above the seat board. Each support has a strcHig 
tad broad sole, and these soles have a stout steady pin to go into the 
■eit board, which is screwed from underneath the seat board, by a 
Arang iron or steel screw, fast to the upper side. The supports at 
tte top incline a Uttle towards each other, and a thick and broad piece 
ef piste brass is screwed to them behind, so as to connect them firmly 
togedier. The upper ends of the supports are made level, and pa- 
ndU with the soles and seat board. Across these ends is made a 
Mnigular notch, to receive the pivots of a piece of steel, to which the 
penduhun is suspended. By means of these pivots the pendulum 
tale, so as to hang freely in a vertical position. The distance be- 
^*Mn the ends of the brass supports at the top need not be more than 
^ inches, while at the bottom the distance may be four inches, or 
^ quite so much, the inclination being about ten degrees or so from 
^ peqmndicular. The piece of steel should not be less than half 
*i inch thick at the middle, where it should be circular, and about 
'^ quarters of an inch broad. In the middle is a hole of about 
^">^ee-tenths of an inch in diameter : the two conical arbors are form- 
^ fiom the circular port, so as to be in a line with the diameter of 
^ hole. The pivots of these arbors, which turn in the triangular 
'Notches, may be about three-twentieths of an inch thick. In the hole, 
^llich is three-tenths of an inch wide, is fitted a steel pivot, having a 
shoulder on die under side, which comes so far beyond the upper side 
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■ttolWplBMilonit,aiid i^ 
baadH ■ Mrt Of screw head on the eatM 
I Mi W wh ' i iwr can turn it about, ao Ih^ 

__ ^ _.. . , mida lo ■tnid in the plane in whidi « 

ought to nring. Fnm dio ihooUflr, below the circular part of tjk« 
steal piace, to As Isinr «■<■ tatj b« sft iich long. To this the pei»- 
dulum ^stog ■ fitaiL ' ^RHi hi ■one ntpecte, is a very conTraiKnl 
mode of ampMnaOi biri «• do not Aink it so strong anil ru linn ks 



r mentioned, whicli goei liz 
I ^ «■■ pluBwd, eare was taken lo hnro the 
We^ kopt Bt M giMd « dMnioa m poeotle from the pendulum tull, 
as «e MooBind Hmt the Mndka <£ tte weight would disturb the 
vttiMtioae of the ydnlnni. nk idn, which appeared to U8 drw. 
had oeuwiwl, we bsra bera toU. kog befcre to several very aUe ar- 
r-'iRlA ■> Gnbm, Harrison. Lord MncclenfieM. 
1 others. In the course ffT 
our taiab witt As elocki dw m rf Ike lihrations of the pendulum. 
vHtea Ae mi|^ eeiMM&r down ae Ike hall, was observed lo mlfff 
a aeBaUs duiWittiWi' and tfaia waa ■spited to their mutii.il altrao- 
tHHt. Upoo RHDtiaBn^ thia afierwarda to one or two persntu, aiip- 
poaed to ba eooylMt to Judge in an aOair of this kind, they enWf> 
lained aOBW dool^ "T'^^g Urn aiqlanation of the fact, 1^1 
ihou^bt it napA pnbabl^ ariae ftom aome motion commuoicstat 9^t 
the ail by the awinging of the peodulum. Without makiiig ajr d^ 
rimentsin (»ilar to examine Ibe actioti of Ae air oil the motitaif ^ 
pendulum, an account of tiie ftct, which was ascribed soMy la atkifr 
tton, was pubUahed in Nicholaon's PUL Joitr. OcL 181S, toL oS^ 
octavo eeriefl. Soon after thia, Mr. Ezekiel Walker <£ I^nm k a 
paper pubhabad in the aame Journal, endeavored to ahow, tfart <^ 
cause of this disturbance of the pendulum, (which be nya b^ bl* 
known to him 30 years before,) aroae from Ae motion of the air M* 
municaled by the weig^ to the pendulum, whicb it cectainlj dii ■ 
we soon aAerwards tbund from one or two experiments, irin^ji dM "^ 
occupy much tinte. In a paper of Hr. Walker's, in Nichoboa^ I^ 
Jour. f<M- Blay 1803, vol. u. octam series, p. 76, entkM, •^Ua^ 
for dimmithing the In^ularitieB of Time-pieces, arvnig fiem tf^ 
encea in the arc of vibration of the Pendulum," he haa "^ami ■«*' 
ral cauaea for the changea that take phwe in the area of v 
proposed diflerent methoda to jnevent them. But no notioa i 
is taken of Ae motion cmmnunicaled to the air by tbe |»iMliiliaa V- 
Borthoud mentjona, in tbe fint volume of laa Eaam, piMiik*' ■* 
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^63, No. 642, that the air put in motion by the vibrations of the 
ndulum, acts against the weight of the clock, so as to set it in mo- 
Ni; and that this will in its turn gradually diminish the motion of 
e pendulum until it stops it altogether. This takes place more 
adiiy when the weight hangs by a single line than when it is sus- 
nded by a pulley and double line. This fact, it must be con- 
■ed, had either been overlooked by us, or had entirely escaped our 
emoiy. Month clocks, from stopping frequently, have long been 
ny troublesome to clock-makers, who no doubt assigned for it a dif- 
lent cause from the true one. In the old month clocks, the weights 
e veiy large and heavy, and the momentum of the pendulum very 
oaD, so that they were extremely liable to be stopped. But in clocks 
hflte the pendulum has even a considerable momentum, this agita- 
m of the air will be sufficient to stop them altogether. 
Having been called upon to examine a good astronomical regula- 
m of Graham's, which had stopped, and which belonged to a noble- 
MO in the neighborhood of Edinburgh, we informed the man who 
mn sent to put it in order, that he would find the wei^ opposite to 
Im pendulum ball ; which was actuaUy found to be the case. In 
leoenil, all month clocks will be observed to stop under similar cir- 
VBustances. 



CHAPTER XIX. 

Sympathy or Mutual Action of the Pendulunu of Clocks, 

now nearly a century since it was known, nay, it is much 

T, for this was known even to Huyghens, and has been ob- 

by many since his time, that when two clocks are set a-going 

same shelf, they wiU disturb each other; — ^that the pendu- 

of the one will stop that of the other ; and that the pendu- 

which was stopped will, afler a while, resume its vibrations, 

its turn stop that of the other clock, as was observed by the late 

Fohn EUicott When two clocks are placed near one another, 

cases are very slightly fixed, or when they stand on the thin 

of a floor, it has been long known that they will affect a little 

^t^otions of each other's pendulum. Mr. Ellicott observed, that 

^clocks resting against the same rail, which agreed to a second for 

^'^ral days, varied V 36'^ in 24 hours when separated. The slower 

a longer pendulum, set flie other in motion in 16^ minutes, 

stopped itself in 36} minutes. It never could have been suppo- 
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sed, however, that when very strong fixtures were made, it was piMk 
.sible for any thing of this kind to take place. About ten jnn 
an^o, in a room where astronomical clocks were placed under tiial 
two strong deal planks were firmly nailed to a tolerably stout biick 
wall or partition, the ends of the [)laQks being jambed between tbe 
adjoining partitions. The planks wi re 6 feet long, 6 inches broal 
and Iflhs of an inch thick. One of them was placed behind the 
suspension, and the other behind the balls of the pendulums. He 
pendulums were suspended on strong massy cocks, partly of bnH 
and partly of iron, which, with the backs of the cases, (one of whiek 
wtis of very hard oak,) were firmly screwed to the upper plank, tin 
middle of the cases to the lower one, the bottoms being free and inde- 
pendent of the floor. Two clocks, whose pendulums were nearij of 
ecjiial length and weight, and whose suspensions were distant fioffl 
each other about two feet, kept so unaccountably close together fir 
the greater part of twelve months, as to become a matter of conndeii- 
blc surprise. When the cold weather commenced in November, thejr 
made a small deviation from one another for a few days, and then raoD* 
ed the same uniformity which they had before. An account of Ail 
was published in Mr. Tilloch's Philosophical Magazine, whoe 
the observations of M. dc Luc, which seem to have been a voy 
iu;ar approach to (he cause, wore inserted by \\ ay of reply. The peo* 
(hiliun which was at one of the clocks, was of Ward's kind. Oa iw 
\iv\n<r taken away, a gridiron une was put in its |)Iace : but with thi*i 
which wa.s longer than Ward's, the clocks could never be brought ^^ 
the same time lus before. Their ans of vibration continually \'ari*<^' 
and no satisfactory going could be obtained from them, altho^^ 
\v*i were well aware that they were competent to have given a vcty 
(liirerciit perfornianoe. The j^ridiron pendulum ckK'k was one ot' "*^ 
hv.A |)()ssible in its ex(;cuti(in, and had one of tlie best recoi^*^ 
's( iipementri we have ever seen or made. The clock was taken Cf^^ 
i\< case, to have a 'scjipement of a dilferent kind put to it. In ^ 
iiK'iuiwhile, the penduhnn being left hanging in its place, was ^^^ 
^(■1 vod to be in motion, which was at iirst imputed to some shakJ^ 
of tlie house. On being stopped, it got again into motion, and up^* 
observing it narrowly, it was found not to be in such a direction ^ 
any shaking of the house could produce, swinging (juitc in time w^i^ 
the pendulum of tlie going clock, the two iiendulums mutually ^*' 
reding and approaching each other. The cure was instantly c^*^ 
vions; and a(\er the upper plank was sawed through between t 
'locks, the pendulum became in a little while dead and still. T 
arc in which it vibrated was about twelve minutes of a degree c::^^*^ 
cacli side of the point of rest, which was nearly about the grcat^^^*' 
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eot of variation in the arcs of tiie two peodnluma. It would be 
lOMible to make two clocks go closely together, in any other sit 
iontfnnthe one which has been mentioned. 
After the plank was cut through) the going clock was observed to 
lodng nearly at the rate of a second and a half a day ; and if the 
ek wbkh kept so long in unison with it had been tried under the 
Be ciroumstances, it is probable that the rate would have been 
nd to be fast T&e rate they had for a period of eight or nine 
ilfas or more, when they went dose together, did not exceed two- 
bs <^ a second fast a^-day, and this may have been a mean of the 
bbI lafte of each pendulum, if it may b^ so expressed ; that is, 
pose one clock was going slow 1.6 second per day, the other fast 
second, ^re will be two-tenths of a second lefl for the accele- 
oo of both, which seems to be the only way of explaining this phe- 



kdisequent trials with these two clocks, in still more detached situaF 
■i have given rise to an idea, that it is probable and seemingiy 
Ale, that two clocks, fixed as these were, where the pendulums 
ded each other, could be made to keep a rate of time much nearer 
I any dock singly could do. It is the opinion of an eminent 
jgn artist, that a few clocks, placed in this way, would commu- 
ile die motion of their pendulums to each other, till they came 
at last to beat at the same instant — ^We entertain no doubt of 
opinion. 



CHAPTER XX. 
On Tmrei Clock$. 



have frequently seen turret clocks put up in places where no 
ntage was taken of the length of fall for the wei^ts, which 
Br ^ not descend through the whole height, or, if they did, the 
■ had. a second re-winding, as it were, on the barreL Hindley, 
< was certainly a man of genius, and whose turret clocks were 
■pa unequalled in regard to their execution, though defective, 
I no advantage being taken of the fall, made them all with bar- 
of a small diameter, and of such a length as to admit almost any 
her of turns, so that they could be placed in any situation, whe- 
with propriety or not We shall therefore lay down such rules, 
a dockmaker may fit up a turret clock suited to any given fall 

he weights. 

uppoae that the height of fall for the weights is 25 feet and that 
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the clock is required to go eight days without beiog wound up, ind 
with a single line to the weight, that is, with no pulley for te idglil 
to hang on, — ^we may allow 12 inches for what the weight wffl trioB. 
This reduces the length of fidl to 24 feet; allowing 16 turns of Iks 
barrel to give 8 days going, and dividing the 24 foet of &! by 
16, we shall have, for length of the rope, 18 inches for ooe Im 
of the barrel. To find the diameter of the barrel, we say, as 856 for 
the circumference is to a diameter of 113, so is the dieumforeuoe 18 
inches of the barrel to its required diameter, which will be feuDdto 
be 5.73 inches neaiiy. But this diameter would be too laige, flooe 
the diameter of the roye must be taken into account; for the Ine 
diameter, or that which m necessary to run out the &11, must be Ifr- 
ken at the centre of the rope when wound round the barreL Aflnv- 
ing the diameter of the rope to be half an inch, then taking tfan km 
6.73 inches, we shall have for the proper diameter of the baml 6JS 
inches. Having now obtained the diameter of the barrel, its le^gdif 
between the ends, may easily be found. Sixteen turns of the bunlt 
ihe number wanted to produce eight days going, and a rope of kilf 
an inch in diameter, will require eight inches ; but as the cA af 
the wpe cannot lie quite close to each other, we may allow, for fii^ 
dom, one inch and a quarter ; consequently, if the barrel is m^ 
9.25 inches in length between the ends, it will be sufficiently kig» 
For the striking part, a rope of half an inch in diameter w31 be 
strong enough ; and, as one of a considerably smaller diameter, even 
one-half, would suit the going part, the going barrel may be nofk 
shorter. If the clock should be made to go by a double line aod 
pulley, then the diameter of the barrels will require to be the Mk 
of 5.23 inches, or 10.46 inches. Or if the fall is only 13 or H 
feet, then the barrels of 5.23 inches in diameter would do, by meus 
of a pulley. The diameter of the pulley will in part lessen dK 
length of the fall, and in place of 12 inches, we may now deduct 16 
inches, or so, from the fall, on account of the length taken up by the 
weight and pulley; but this trifling circumstance requires little ^' 
commodation on the part of the clockmaker. Taking then the (ti' 
meter of the barrel at 10.46 inches, in order to ascertain what dB* 
meter the barrel ends and the great wheel ought to have, the rope 
being half an inch in diameter, twice this added to the barrel's St 
meter will make it 11.46 inches, but, for the sake of even numbeA 
let it be taken at 1 1 inches and a half for the diameter of the pU" 
barrel end ; an additional inch, or 12.5 inches in diameter for ^ 
barrel ratchet end ought to do, unless when the barrel ratchet is f^ 

• 

on the barrel end, and within its diameter* as is sometimeB dooei ^ 
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the great wheel of a less diameter than it otherwise 

a the barrel ratchet end is done in the usual waj* The 

ion of the ratchet and click need not be more distant 

of the ratchet than half an inchy or at most .6 of an 

of an inch more than this for the breadth of the wheel 

the teeth. The semi-diameter of the barrel ratchet 

ihes ; to this being added .6 of an inch, and \76 oi an 

bave, for the semi-diameter of the greet wheel, 7.6 inches, 

: 16.2 inches. The diameter of the great wheel being 

we may get the circumference by saying, as 113 is to 

.2 to the circumference required, which is found to be 

this divided by 240, the double of the number of the 

to be put into the great wheel of the going part, we 

breadth of each tooth and each space 0.199 of an inch, 

an inch. It is perhaps advisable to have the space a 

;ree less than what is here given ; the teeth will then be 

e than .2 of an inch in breadth. By taking small tempo- 

of thin brass, having the same radii as the ii^ieel, and 

from the proposed number on the cutting engine, they 

form an idea of the strength that the teeth may have. 

ad calculation together, ought to go hand in hand, and 

any ingenious clockmaker ought to adopt, if his object is 

Bt possible contrivance in the construction of any piece of 

he may be engaged. 

consequence to have length of pendulum, it should be 
the clock is in such a situation as to allow its being ap 
commend one of 20 feet 5 inches in length, which would 
1 much dominion over the clock as those made by Hindley 
iches, and could be more easily made. The wheels 72, 
e pinions 12 and 10, give 24 vibrations in a minute, each 
ig equal to two seconds and a half. 
»osed to have the pendulum of such a length as to swing 
I minute, the swing wheel having 30 teeth, and the 
ch ; then the numbers for the teetly>f the second and 
will be 60 and 50, and the .length of the pendulum 
; where twenty feet or upwards, for length of fall, and 
ck can be obtained, a shorter pendulum than this should 
»ted. The diameter of the second wheel may be made 
if the great wheel, or even a little less ; however, we 
ke it at the half, viz. 7.6 inches, as it is to be cut into 
ber of teeth, and being considerably thinner than the 
the teeth will, notwithstanding this, be sufficiently strong 
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{i^ rl<i< ^ '^e diird wheel having -60 teelfa,fliid 

itli :i ^ "lan :oosiderably less than dut oalhe 

) b:<' ^jiA X liiuneter of the third ^dieel, bf&K 

'III- J 30. and then making the diaiiKter 

^ "ffvportion would give, because, ireretke 

^ juven, they would be as strong as tfaon 

«« iiKUsaT, as 60 teeth is to its diameter of 

A J JK diameter required, which is found to Im 

.ii.!ii» in the compasses, and applying then tt 

jKi IMS a line of equal parts, both legs of te 

at die points of the compasses fall exacdjoi 

^^<*B««e^ ^ tbe number 45, which will give adistanci 

« .Au«t«rjribe third wheel. This will be found to he 

.^^^« uM f* the swing wheel is made five inches in diai» 

ttril : it ought to be made pretty thick, so as the tedk 

•tMfuur on the pallets, and if two small holes M 

-cur to their points, making equal portions or spiea 

vmnHKite much to keep a good quantity of oil on tJHB 
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v<o in the going and striking parts being madeeqal 

KMJ :fach performing a revolution in 12 hours, we not 

^aK»* out prtuHjr numbers for the strildiig [)art, and da- 

'.at wht'ol, the pin whool, and tho tumbler wheel ; the 

niako us(? of as a fly wheel. The diameter of the 

^ . .^ »,i..i\ the great wheels may also 1)0 equal, and the diainecer 

^ . .^^ ^'\\\X wheel will be 15.2 inches. The number o( 

,.>-.-i :h.' hammer must make in 12 hours, can be olitainedby a 

>*.,•■«• '•''^'' '^^^ ^^^^ blow 1, being added to the last blow 13« 

.,^.. «. A!ui 13 muhipliod by 6, half of the number 12, will give 

^ ^ ih/ »-.::tiK*r of blows required during one revolution of the 

, h^.-. 1:^1 luim^l. The great wheel of the striking part will require 

».,. -. ^liKrr sin>nger teeth than those of the great wheel of the going 

»^^.i u-A- then* is a stronger rope and a heavier weight applied againrt 

... II .f.vr to rai^e as much weijjht of hammer as may be, so M to 

t >ufix'K»nt soimd from the clock IkjH. The pin wheel pinion 

^.,., "A *iHi the wheel 64, having eight lining pins in it for the 

....mhv< «J» ^ number of teeth in the great wheel which will be neccsee- 

*• ihtl viK* turn of it may produce 78 blows, may be either 98 or 100- 

v.|W«* wo tidce 98 for the number of teeth, 98 divided by 10» 

N. l«illfi^^r m the pin-wheel pinion, the quotient will be 9.8, whidw 

ViiK^i S S, the number of pins in the pin-wheel, will give T^^ 

, .'K atuwbcr of blows for one revolution of the great wheel. " 
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sgmU wheel should have 100 teeth, this, divided by 10, will give 
iiand this again multiplied by 8, will give 80 for the number of 
vm during one turn of the barrel ; either of these numbers for the 
rii of the striking great wheel would do very welL If we take 
li nd as the pin wheel is to have 64 teeth, we may find a proper di- 
MlBr for it, so that the teeth may be nearly about the same size as 
us of the great wheel. Say as 98, the number of teeth in the 
Mt wheel, is to 15.2 inches, its diameter, so is 64, the number of 
A required in the pin wheel, to a diameter required for it, which 
Ibe finmd to be 9.9 inches. 

Bis pin wheel, having 64 teeth, and 8 lifting pins in it, the tum- 
ririieel pinion, which makes one revolution for eveiy blow of the 
■PMsr, must have 8 teeth or leaves in it The diameter of the 
iUer wheel must be considerably smaller than that of the pin 
id, and this will depend on the number of teeth it ought to have, 
Aa number of leaves in the fly pinion, and on the number of the 
dilioiiB which the fly pinion is to make for every blow of the 
nmer. The less the number of revolutions given to the fly pi- 
B during one blow of the hammer, the less will the striking part be 
far tbe influence of oiL But few turns in the fly, require it to be 
niderably extended in the wings or vanes, and this demands some 
■nity and address in the clock-maker to carry them out, so that 
f shall be conveniently clear of eveiy part of the clock* When 
ODS of the fly are extended, the wings or vanes can be consi- 
ihly diminished in surface ; and a little weight may be given them, 
hH when once the fly is set in motion it will not easily stop. The 
■Iniction of the fly, and of the fly pinion, has hitherto been injudi- 
Mm The flys commonly applied to turret clocks were too heavy, the 
pi or vanes were too broad, they made too many revolutions, and 

fly pinion was not so property sized as it might be : for it must be 
■darod -that it acts not merely as being driven, but it must some- 
« act as a leader. For although the tumbler wheel, or flywheel, 
sh turns the fly pinion, acts as a driver, yet, from the nature and 
ksation of the fly pinion, and fly to regulate the velocity of the 
ingv the fly pinion, from the acceleration which it will acquire, 
t aometiroes act as a leader, so that the size of the fly pinion 
it to be a mean between the size of a leader and that of being 
Bn» If the pinion is made too large, or the size of a leader, 
wfaed teeth in driving it would be apt to butt on the pinion; 

if made too nicely, to be driven, it could hardly ever act as a 

far, as here the pinion would butt on the wheel teeth ; this then 

le raaaon of keeping it to the mean size of the two, which will be 

50 
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i;., - urn.* of the Hy may r* ai 

. .u».iij> of the fly pillion lor c€»e 

.^ i ?ocne clocks the fly may ssl 

.T jiu m some less. When the rei 

..sa^M'i the fly flt to carry forward m 

_ ^ ••< u'pear to strike faster towards the 

^ •^•.lutfv a nice ear to perceive it. V 

^ .^ • ai%« only four turns for one blow of i 

. ^*. \Lrecn«ly well, so that the tumbler wt 

^, ^nn.'*!4D^ the fly pinion to have 10. If 

.. <M viK^ of 64 to its diameter 9.9 inches, i 

<L* vijuld have its diameter 6.25 inches, tl 

. 4 ih> :«me size or strength with those o£ 

f > lot requisite, as they will bear to be com 

««A. ,iiic if the diameter of the tumbler wheel 

»s ce^ih will be sufliciently strong. In this 

%.=- ^ ^ *^ wheel and pinion. 

^ A..>ai^ n the striking part of turret clocks requires a 

^.^ «<-«Ai«Mti. That which Hindley used is very ingenk 

^. «.•••€'. II •^' clock made for St. Andrew's Church ii 

■ •, i':ir. unihiess of oil or dirt, it is liable to misgi 

. --^ .• -xi-rily it, the ignoninco or carolcssness of m 

■v » '''■.• ilu> evil. The nicoty of this locking lies 

. . ■ -\ihe«»l, whose oflice is to raise up the lockii 

.:^^ , . ■?,v same time. Th<; locking which is herepr 

At - k-.* two pins or detents on the fly pinion arbor, 

'.vkiiij: on, and the other is a detainer while the 

(u this motion work, we have a ra(rk, havii 

ih i.-.^n.iv as well as on th<» ont-side ; the tumbler raises ti 

. .1 ;.. .•:" liu" inside teeth, tiu^ rack-catch acts bv thos(j on I 

».-i- u! concentric with the hour liftinj; arm, or that whi 

?a. \'. ^ ■ "i^* •striking ; but both move freely and independently 

».K- ^^hon the rack is on the lifting of the last tooth by ti 

Mi . JL ,«t:: which is in the rack carries forward the end of a I 

uii'. i\>i!ceutric with this arm, and tixed with it, miother ar 

^'iu> isilf ^at tht» same instant when the pin in the nick has 

•K* .t •:'. tl'rwani) to a pin or detent on the fly pinion arbor, aii 

iK- ^LTikuu; i^ locked. The pin in the minute wheel, on nu's' 

•v V«ur lithiig arm, raises at the same time the rack catch, m\ 

^^\iiKi\i\y allows the rack to fall, and the j)in from the fly pii, 

>•.-. uimh betbre this was lockcMl, "vX< disengaged ; and he 
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strikiiig would go improperly on, but another arm, which is connect- 
ed with the hour lifting arm, presents itself to the other detent on the 
tj pinion arbor, and detains it tiU such time as the lifling arm drops 
off from the pin in the minute wheel, and then the striking being at 
liberty goes on, and is again locked when the pin in the rack is made 
to moYe one of the locking arms forward. This locking is sure and 
fffby and very easily executed. It was contrived for one of the clocks 
at Annan. 

The pins of the pin-wheel ought to be pretty stout, and one half 

of their diameters should be cut away, so as to allow the hammer taU 

to drop off freely, causing as little loss as possible of the force of the 

ra|^ Some have made very slender pins, and strengthened them 

bj their opposite ends being fixed in a small circular rim or ring over 

WtOki but small pins are apt to tear and wear away the acting part 

rf die hammer tail. The hammer tail may be so constructed that 

k begins to raise the hammer head when the lever by which it acts 

ii at its maximum length, the head having then a more horizontal 

(Ontioii than when it is aflerwards raised up. The principle laid 

Anm here of the striking, &c. was adopted and put in execution in 

Ae two turret clocks which we made for the royal burgh of An- 

■B» and which are not equalled by any turret clock in the island. 

Ihe frames of these clocks are so constructed, and the wheels so 

ApOBed, that any wheel can be separately lifled out of the frame, 

vttout either taking it to pieces, or removing any of the other 

*iieeb. 

The diameters of the wheels and the length of the barrels being 
teetniined, we may thence fix upon the fength and breadth of the 
dock frame, which is proposed to be rectangular, and the wheels 
ifing all nearly in a horizontal position, making it of such dimensions 
ifeot to pinch any part of the work, nor yet to have a superabun- 
of room. Beginning, then, with the going part: — ^The great 
^'beel being 15.2 inches in diameter, and having 120 teeth, and the 
fKlioa which it drives 10, we know that the distance of their centres 
vOl he 8.081, or 8.1 inches nearly. We also know, that in the case 
of tte second wheel of 7.6 inches in diameter, and 60 teeth driving the 
dltt^d wheel pinion of 10, the distance of their centres must be 4.273 
i^^llefl. In like manner, we get the distance of the centres of the third 
^itoel, and swing-wheel. The diameter of the third wheel is 5.600 
'i^^^fees ; the swing- wheel pinion being 10, we have for the distance of 
^Ur centres, 3.158 inches. By taking these distances, and adding them 
^'i^Bother, with the semi-diameters of the great and swing- wheels, we shall 
l^Ve the space that would be required to contain the going part 
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loekiL 
at die great wheel to that of the second wheel &061 

ottfae second wheel to that of the third wheel 4.273 

o£ die diird wheel to that of the swing whed 3.168 

of the swing wheel, - - - - 2.5 

of the great wheel, .... 7.6 

26.612 
II ra«|uire» 2 feet, 1 inch, 6 tenths, and a very little mofe, to ood- 

lly M%M««Niiiig in the same manner, we shall find the distance of the 
«rtiira«^ai'tlis iriieels in the striking part to be as follows : 

:*'ruui dw centre of the great wheel to that of the pin 
vvhMl* ...... ai87l 

**iviii th» centre of the pin wheel to that of the tumbler 

wiMMk Msm 

'*rsHMk tb» centre of the tumbler wheel to that of the fly 

MttMNU ...... zMi 

iium Ji— M^ter of tumbler wheel, ... 3,75 

1>MH> of tbe great wheel, - - - - 7.6 

27.4731 
V » vilWh add the space required for the going part, - 26.612 

Gives for Inches, 63.0854 

*V' :ci\^h, then, required to contain the going and striking parts, is about 
€ i.\H ,> im^hos, being the inside length of the frame. 

Vht* wulth inside of the frame, depends on the length of the barrels, 
•K' tOK^km^ss of the ends, and of the great wheels, &c. The striking 
M tv' tHMiu: the longest, we must take the length given for it, which irt» 
•i:\*« nuiKHi to be 9.25 inches between the ends. Allow one quarter of to 
\ \ xv >\^ lor the tliickness of the plain end, and half an inch for that of 
. \' i.\U"h«*l ond, and about 3-4tlis of an inch or so for the thickness of tl* 
■/v\i; \*luvl, these being 1.5 inch, which, added to the length of thebtf" 
v',. umkos 10.76 inches. The pin wheel is supposed to run behind tbo 

^•vc^i whool, having a proper freedom between them, the pins for lifting 
■.V Iwmuner tail being on the opposite side of the pin wheel, and the pbi** 
Naitv*! tMul having a sufficient freedom of the front bar of the clock fnune- 
^^ shall call this freedom about .3 of an inch, and as much for the fre^* 
»• ,>:« *U* pin wheel and great wheel ; the thickness of the pin wheel aboirf 
I oi' an inch, or a very little more ; the height of the pins from the »J^ 
i.u>? of the pin wheel about .6 or .7 of an inch. 
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Inehet. 

of the barrel, with its additions, was, - 10.75 

plain barrel end, .... .3 

eat and pin wheels, .... .8 

3f pin wheel, - - - - .45 

»in wheel pins, .... .7 
e distance of their tops from the side bar of the 

1.25 



Inches, 18.75 

appears that the distance between the bars of the frame 
require to be 13.75 inches. The side bars, one on each 
frame, are of foiged iron, above four inches in breadth, 
A inch thick, having at the ends a sort of thickness left 
I to form a shoulder, and beyond the shoulders are tenons, 
thick nor so broad as the bars tiiemselves ; these tenons, 
5 inches long, are fitted into a rectangular hole, in the cast 
' the frame, which compose the ends of it The ends of 
are sometimes formed into two screws, each having nuts 
1 against the shoulders, and with tiie cast iron ^ids : or 
itimes slits in them to receive a strong iron wedge to bind 
s ; either of them will do very welL The length from 
shoulder of the side bars need not be quite so much as 
las been allowed for containing the going and striking 
this length is 4 feet 4 inches, it will be sufficient; the 

by the cast-iron frame ends will more than compensate 
»een deducted from the calculated length. The cast- 
'e composed of two sorts of pillars, connected by a rec- 
% near 6 inches broad, and about half an inch thick ; 
»f the rectangular bar such as to alHw the side bars, when 
le into the square part of the pillars, and in the rectan- 
irhich Lb made there to receive the tenons, that the inside 
)ars shall be only distant from one anodier 18.75 inches. 

part of the pillars is a square of about 8 inches, and 6 
; the upper and lower ends of the pillars are turned into 
e or shape, as the taste or fancy of the artist may sug- 
middle of the rectangular hole which receives the tenons, 
Buit from the lower end of the pillar about 12 inches ; die 
pper end may be equally distant This frame, if con- 
he manner which has been directed, will be found to be 

and stifif, and very handy and convenient, while going 
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it be thought dnt tbe ale 
■'x jflfe, a foot can easily be stti^ 
« ^ bar, or any other toBnaak 





requires more skill and iogenotfi 

1 work for setting off and CII17- 

more especially if there are nan 

« -mt purpose should be as few in nndbv 

So that u - «j»^^.«K jifcmhle shake between the teeth, ui 

taiii rlj*. c' ''•' - j^ ^^ - 3e end shakes of the arbors, and in the 

I'v ,-ri -^-^^ ^^ ,^^ ducks, with four dials and hour andBi- 

"^ ^ . .^ ««r Sannetfy but seldom made. The to*B 

"^^^^^^giL .a^ iam dials, with hour and minute handi ^ 

.^ -^i* dt in the year 1795. It is an exceUent ipt- 

Hooke's joint has been found lOJ 
rods for the dial work ; but where anj fl^ 
a» the rods, Hookc's joint will make thehid 
■•king the hand more forward at one frt 
another than it ought to be. In large tnnt 
ounile and hour hands, the wind and weadior pn 
_!^^ M w die dial-work and wheels, and such doda M 
««« utuch exposed to this. In the clock which iff 
^j^muF^ the second wheel pinion making one revohitioB 
s iMi which must conduct the dial-work. Let that[HTO( 
:« .^Hue« ihrough the fore side bar be lcl\ pretty thick, aod 
v^ A*^* ^ *^^ inches beyond the bar outside. Twowjs 
xv»k JW^V**^ ^^ prevent the hands from changing their place by my 
^ «M«euo«r« arising from winds or any other cause. One rf 
,>!***rt^ ^' *^ pretty stiff or strong circular spring, keyed <* 
^^^ .ji^» luuiuto whgel ; the other consisted in putting on the tot 
^«iw^'l arbiv, a wheel with square or uru-oundcd off teeth, in^ 
4 ;«^ <A chck from the conducting wheel passed into the space 
^^ji^*:*'*. Wo propose to adopt the first of these two methods at pre- 
V^ ihe thick pivot of the second wheel pinion, outside of the 
vu* ">*«• ^*^ * square be made of .3 of an inch long ; on this let the 
. viwu«; socktrl of the circular spring be well fitted, and the side of 
^M) uktrked to correspond, so as to know at all times that which it 
!a* ^'^w* i>rigii»lly fitted to : this spring may either be of steel or 
H^ucH iiud tho diameter equal to that of the minute wheel less by the 
i^vih- V^>^ ^^^ square part of the pivot let this arbor be turned 
A-Hii, but hardly more than what is necessary to form an arbor neai- 
V c'vbttdncal; the square sides must not be completely turned out| 
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Otherwise this might i-ender the arbor too small. The diameter of 
the minute wheel may be about 4.5 inches, and cut into 40 teeth ; on 
the same socket with the minute wheel, let there be a bevelled wheel 
of 6.5 inches in diameter, and having 50 teeth, the distance 
of the back of the bevelled wheel from the nearest side of the 
minute wheel being about half an inch, or .6 of an inch. This 
apace is to allow the hour lif\ing arm to come in between them, so 
tlyat the lifting pin in the minute wheel may freely get hold of it ; 
the whole length or height of the socket may be about 3, or 3.6 
inches, and turns on the cylindrical part, or arbor of the pro- 
kinged pivot Two other bevelled wheels of the same number and 
diuneter as the other, are cocked on the front bar, so as to pitch 
vith the first; their arbors are disposed horizontally, and at right 
90^ to the socket of the first bevelled wheel, so that they may 
be connected with the dial wheels on the two opposite dials, whose 
wheel and minute hands they will conduct. Over the first bevelled 
wheel, and pretty near the inside of it, is placed a round brass dial, 
knring minute divisions and figures on it A minute hand on the 
socket, having a collet against them pinned by the end of the arbor, 
will keep the minute wheel tight on the arbor by means of the spring 
Mund it When there are four dials, then, in place of the two wheels, 
with their arbors horizontally placed, let there be one arbor placed 
peipendicularly, on which arc fixed two bevelled wheels, the upper 
eoe of which pitches with the first bevelled wheel ; the lower one, 
whose lower pivot or arbor may bo connected with that of another, 
which canies a bevelled wheel, turning four others, all of them in the 
Wne fiame : The four wheels, if properly placed, will turn the four 
niniite arbors at the dials all in their proper course or direction. This 
fiime will require to be placed a little below that of the main frame of 
fte dock. It is seldom that four dials are wanted, and in most instan- 
ces, the two opposite generally suffice. To lead the snail wheel, or what 
* generally though improperly called the hour wheel, let another flat 
miiiute wheel, of the same number of teeth and diameter as the first, 
Im pitched with it, and whose arbor goes through the main frame ; 
tod near the edge of the going great wheel, a little below, on the lefl 
hand side, a cock on the fore bar receives the wheel pivot, and the 
«bor is free on the fore bar: the other pivot, which is leQ pretty 
duck, turns in the back bar ; on the end of this pivot, which is pro- 
Jooged a little way beyond the bar, is formed a lanthom pinion of 4 
or 6, or such a number as may suit the number of teeth in the snail 
wheel ; or a pinion of a proper number having a prong to it, may be 
Iwistcd in a hole made in the arbor to fit and receive it A lanthorn 
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pinion of four will lead about the snail whed and snail, hmng a 
mon socket ; the wheel having 48 teeth, and 7 inches in diameter, and 
turning on a stud in the back bar ; the rack is also on a stud hen 
The pivot required to have a lanthom pinion fonned on the end ef 
it, for a wheel of 48 teeth, and 7 inches diameter, wouki be late 
too thick ; so that by keeping the pivot of a moderale size, or sdt 
ciently thick to have a hole in it to receive the prong of a pinioB of 
6, and the snail wheel 72, may be a better way than that wUcli is 
first proposed. The hour lifting arm and the detaining one maj bt 
fonned or not fit»n one and the same piece, and fixed on an aibtf 
which Hes above the great wheel, whose pivots must run in oocb 
attached to the main firame ; cocks are also required for the hamiiMr» 
the verge, and pendulum. The length of the pendulum which m 
have proposed for this clock, may be thought by some rather inoBB* 
veniendy long, which is a matter that can very easily be got the bcl* 
ter of, by assuming any other lengths, say, 6, 7, or 8 feet : eidnr rf 
these lengths will perhaps have dominion enou^ over the dock ; tal 
these will require other sets of numbers for the second and iiri 
wheels, allovring the pinions to remain 10 each, and the swing ivW 
to have 30 teeth. The second wheel having 76 teeth, the tW 
wheel 60, the pinions 10 each, and the swing wheel 30, the v&iilioii 
in a minute are 45, the length of pendulum required is 5 feet 9.7 
inches. If the third wheel of this set be made 70, all others remakuBg 
the same, the vibrations in a minute will be 42, and the length of die 
pendulum 6 feet 8 inches ; 40 vibrations in a minute would require the 
wheels to be too disproportionate in numbers, unless we were to make 
one of the pinions 12 in place of 10 ; the wheels in this case wooU 
be 75 and 64. In the other they would have been 80 and 60* 
The length of pendulum is 7 feet 4.2 inches ; the vibrations in i 
minute 38 ; the pinions 10 each, and the swing wheel 30. The 
wheels are 75 and 64, the length of pendulum 8 feet, 1.73 inckeii 
Wheels 80,72, and 30, and pinions of 12, will give 40 vibrations in i 
minute. 

It is certainly not requisite to give any more examples of cat 
structing turret clocks. The one which has been given is suffideflt 
to enable any intelligent artist to proceed in this way, whether vitk 
clocks going eight days, or with those which require daily winding m^ 
There are often great objections made against the trouble of daiif 
winding up a turret clock, but when this trouble can be submitte<i 
to, a clock of this sort is decidedly preferable to those which go tof^ 
days. Turret clocks which strike quarters are sometimes midei 
some of which are done by a quarter rack and snail, and otheis hft 
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count wbeeL For the description of a thirty-hour clock of this kind* 
put up in the town-house of Paris in the year 1782^ we refer to Ber- 
thoud's iltftotre de la Minare du Tempt par let Harloges. This 
is perhaps one of the finest public clocks in £urope. It was con- 
structed with much care and expense* and is the only one which has 
enuneUed dials, one of which is above 9 feet in diameter. 

Although not in its proper place, we may here remark, that where 
ibur sets of dials and dial work are required, it would hardly be safe 
to trust them to a strong spring tight collet behind the minute wheeL 
We would therefore propose, that the pivot of the second wheel pinion 
be squared down, and a little longer beyond the fore bar than what 
WBB proposed for the square of the spring ; this is for the particular 
reason of getting easily at a bolt pin when at any time setting the 
liands. On this square of the pinion let the squared socket of a plain 
vbeel be very well fitted. This wheel is about 3.6 inches in diame- 
ter and in thickness about one-fourth of an inch. The minute wheel 
Bioat have a sink in it, so as to receive the plain wheel, but the sink 
DMiat be more extended in diameter, to admit a skeleton sort of a rim 
of a wheel with forty teeth cut inside of it. This rim must fit well 
tt» inside of the sink in the minute wheel^ and be fixed to it, either 
hf aoft adder, or some other means. The minute wheel, in this case 
sf the sink in it, will require to be thicker than in the case of the 
qmng collet A bolt may be lodged under a dovetail slit made in 
Ihe plain wheel ; in this slit, and lying dose to the sink, the bolt can 
be made to move out or in to the inside teeth on the minute wheel ; 
on ^be end opposite that of the locking end of the bolt, is fixed a stout 
round pin or knob, for the finger to pull out when occasionally setting 
thehandw ; this pin serves also for a stout spring to push the bolt into 
its place between the inside teeth. 

In fitting up the dial work immediately behind the dials, it nuy 
be reconmiended to adopt that which was contrived and put in prac- 
tice in the difierent dial-wories of St Andrew's church clock : on the 
minute arbor, just by the lower end of the hour wheel socket, is a 
loose steel washer, which lies close to the fore plate of the dial work 
fiame; and should the wind press the hour hand and hour wheel 
socket down, it afiects no other part, but only presses the washer 
■gainst the plate. Inside of the dial-work frame, and on the minute 
ubor, are washers to prevent any binding on the ends of the hour-wheel 
Boeket 

In the town clock at Paris, the revolutions of the fly striking the 
houTf are eight |^ every blow of the hammer ; the fly of the quarter 
part makes four revolutionfl for every quarter hammer bknv, there 
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being tm M6ag pim m Mch «dh of dw gvMl nheol^ 
UAa, dw UMMal «f Oft qanto Iktm m w heub Thi 
vanM ofdwAfi in awdoek«npntt^braadud kmr«Bi«l«i iMfel 
totekammorliMUdofteMr. The flf «£ Hkdley^ dMfcri»;fc 
Oipin IIcM|iU» Sdmbiq^ ^1^^ ijnrimni te «Mqr.Ma«Nil% 
hammer.; but^ flpan A» iwpwfwrit oomtmotioB of As oliol^o 
quato iPH|^ of heauMT cen be iwMdf ond heoeea 
camioC he eM^Md fion dw belL It hu been nid Ihet 
of tbehMMwr ixtbrnfor^om AaaU be d pondi vefgl 
100 pondiM tt» belL Tmt dkMki m genend met dih» fciP 
theirfaelb too hoge ftrttio pnipoilioiit orOe eloeke hne mMN> 
made lo ndee « hevrf enomli hoauMr. The aitti oflhe hMR 
wheoai net# Ao«U kndljF make as aa|^ of- ulei^iiM ifcoee |>'i^ 
greei,oeMaliMMfc| and iaoider to got aa nmBh naaa if/«pM|jift 
the hMiMT JMad, (he M bj wfaidi k ia laiied ahoghl ht^^ 
longt and give a liM fioaa dw boD aa little aa poarihie. BKJtlltl 
tance of ite ftwn dw beD mnit dtptind, among oter AippiiMiij^ 
lengdiof dw ann, and Oft the aa|^or kng&iaiaad hj*»fliit|i| 
and hamBNT laiL v ^<^ 

Itiaaa Ibimedj piopoaed tofiz oa dw fim bar (he 
whidi dw ndrnita hand ia aot at, wbtm aettmg dioae of the 
dials ; but it matten not iriiedier a dial is fixed and die nanata ImI 
is moYablOy or die minute hand is fixed and the dial movahlei 8i^ 
pose that, by means of three small and shcnt brass piUarSy fixed iaaii 
of the beveled wheel, we now screw on the tops of them a li^ vooi' 
dial, havingthe minute divisions and figures on it, and the mimils 
fixed on the fore bar, we can here make the beveled wheel be 
about till the minute index points to the proper minute. This modaeii 
besides, allow us to have more conveniently three seta of dial mA 
that is, two by the beveled wheels, whose arbors are laid hodaoBldi 
and the third by connecting itwith the socket of the first orfroatbi^ 
cled wheeL 

Where turret clocks are of a large size, and have veij lMi«7 
weights applied to the barrels, they require much foroeand 
to wind them up. In order to remedy this, an appantua of 
the same nature as that which is commoidy supplied tocraneahas 
used. This consists of a wheel, with rather strcmg and coaiae Mh 
fixed on the barrel end opposite to that where the great whed ii^ A 
pinion of any number, on whose arbor a square to receive the niif' 
ing up key is attached to the clock firame, by meaiM of a oocfc, ftc 
so as to pitch widi the wheel on the banrd end ; aoi^ by dtti wmih 
a considerable wei|^ can be raised with ease, requiring nedibi* 
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Mif but more time than when the winding up is perfonned 
I barrel arbor. The clock in the town-house of Paris is wound 
this manner, which is represented in the drawing of Yiek's 
Plate I. 1. The size of thewheeb and strength of teedi» 
le regulated according to the weight to be wound up. The 
t d the going part is in aU cases lig^t, when compared with 
irtnch is necessary for the striking part, in roost of these docks. 
» the advantage of winding up a heavy wdght widi ease, this 
d has another, which is ttat the banel arbor pivots can be 
eidier in conducting the hands, discharging the quarter or 
g parts, or turning count wheels, &c The old way of ^ di- 
d the hours striking by the count wheels and locking plate, 
eking on the hoop wheel, does not yield in ingenuify to any 
which has been since introduced in its place by modem clock- 
«. The only great objection to the old way, was die trouble 
kmg the clock strike a round of eleven hours or so, when the 
ig of the hour not corresponding with the hands, took place 
ai^ accidental discharge. It may not be out of ita place to 
m here, that the application of the cord or rope for the weight 
I be on that nde of the barrel which lies next to the pinion in- 
och the great iHieel acts, especially in turret docks, as this ra- 
the barrel pivots of a great degree of friction^ which they wouM 
vise undergo were the course of the rope and weight on the 
ite side. 

the barrd is made the same diameter with Aat of the great 

, the action of the weight or moving force may be applied wfaol- 

neerly so on the pinion, by which means die friction on the bar- 

Tots will be almost nothing, or nearly annihilated. It is but jus- 

I the memory of Julien Le Roy to say, that he seems to have been 

"St who takes notice of this. (See the new edition of Sully's 

ArHfieidU du Temps, par Le Roy, p. 340. Porw, 1737.) 

Phifessor Ludlam, in his correspondence about the Greenwich 

in 1779, recommends it to die attention of Mr. Holmes. See 

liagram, Plate XIY. Let B be the barrel, and as large in dia- 

*as die great wheel, C its centre, A is the pinion which the 

wfaed acts on. Suj^se the line or cord to part from the bar- 

t A, and to go downwards ; in this case the whole weight will 

Ml the leaves of the pinion, and none of it on the centre C. 

\dbfj Suppose the line to part from the barrel, on the opposite side 

to go upwards, and turning round a pulley to have the same 

It hung upon it ; in this case the veiy same force or weight, 

act upon the leaves of the pinion as before, but doubie that weight 
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will rest upon or press the centre C. In both cases llie pmkMi ii 
turned the same way, and with exactly the same force. In the fa^ 
mer the centre C has no pressure from the weight ; in the latter, the 
piTOts press the pivot holes with double the weight hung on. 

Although we have taken an eight-day turret clock by way of oi 
example, we however by no means recommend them* Clocks vtsek 
require to be wound up every day, are much better, and have gMl- 
ly the advantage ; any that we have made, were all of the latter IdnL 
The fine clock in the Hotel de Yille at Paris, that of St PauP8,aiiii 
of the Horse Guards in London ; the Town Clock, and that of St 
Andrew's Church, Edinburgh, and almost all public clocks of chano 
ter, require to be wound up every day. It is to be regretted thit 
modem architects, when planning out a church or any bdldiDgf 
where it is known that it is to have, or must have a clock, that tJM^ 
take this matter so litde into consideration. Height or length oftt 
fiir ihe clock wei^its, and sounding boards for the beUs, were mack 
attended to when building spires for the ancient churches. Aa ia* 
stance of this is seen in Sir Christopher Wren's architecture of thegnU 
Cathedral Church of St Paul's, where the fall for the dock weigM* 
allow of such a force, as by a stroke of the hammer it can main a 
bell of 11,474 lb. be heard at a distance of two and twenty niiei. 
We heard it at Windsor Castle in the month of June, 1773 : the dif 
was still and calm ; and attending to try if the clock could be hnd 
when striking the twelve o'clock hour at noon, (which we did hear,) 
the sound that came through the air, was not like that of a bell but 
had a low, dull, and feeble tone barely perceivable. 

We have heard a story of a sentinel when on duty at W^indsor Ca^ 
tie in the night time : it was alleged that be had been off durio^ 
the time of his being on guard, for which he was brought to trial 
by a court martial, for neglect of duty. He stated in his defence^ 
that he heard St. Paul's clock strike thirteen at midnight, whic^ 
was corroborated by others who heard ihe same number ; by this b^ 
was acquitted. A little ticklishness in the locking of the stiikiDg 
part may have caused this to take place. 

At the time when the public clock for the Royal Hospital at Greea* 
wich was about to be made, Mr. John Smeaton, civil engineer, and 
the Reverend William Ludlam, professor of mathematics in the tifii* 
versity of Cambridge, having taken a warm interest in the construc- 
tion of it as will appear by their letiers on thai occaaum^* etroDlJ^ 
recommended that it should be made to go only thirty hours. Tb6f 

♦For these Ictlers, sec Appendix (A.) 
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le bodi wen known in their time as yery competent to give the best of 
wdoDfl in this affair ; yet their advice was over-ruled by a majority of 
I oommisstonera. Mr. Smeaton was at the time one of them, but 
B left in the minority. It waa humorously observed by Mr. Ludlam, 
it it was grudging shoe-leather to serve a good purpose. It may be 
ipoeed that many of the gallant old tars or invalids in the hoefntal, 
old, for a mere trifle of tobacco, have gone every moniing up to die 
Kib, and wound up the clock* 



CHAPTER XXI. 



On the Method of fitting tip Jistronomical Clock$. 

THOUGH the example of calculation which we have given for the difler- 
parts of a turret clock, is applicable to any clock ; yet, in order to 
ke the calculation more familiar and easy, we shall apply it to an astro- 
moal dock, intended to go 32 da3rs without winding up, performing the 
BpiilBti<»i in the most rigid manner, as these clocks ou|^ to be made 
perfect as possible in all their parts. 

P!nmi the inside bottom of the intended case to the under side of 
•eat board, is supposed to be 4 feet 10.7 inches, the seat board 
I inch thick, and the distance from the upper side of it to the 
tea of the dial 8.126 inches, or 8^ inches. From these, to obtain 
nper diameter for the barrel, ^^ch is to have sixteen turns on 
we propose ttat the length taken up by the pulley and weight 
n not exceed 6 inches, and that the weight shall be about lOlb. or 
hape even less. Four feet 10.7 inches diminished by 6 inches, will 
4 feet 4.7 inches, and this doubled will be 8 feet 9*4 inches; which 
ided by 16, die number of turns proposed for the bairel, we shall 
m 1054 tenths of inches, which divided by 16, wiU give 66.876 
As for one turn round the barrel. From this to find the diame- 
of the barrel, say as 366 is to 118 so is 66.876 to diediameter 
piradf which will be found to be 2.0968 inches. The diameter 
'Qo here for the barrel must be lessened by a diameter of the gut 
» diameter of the gut, which we had 24 years at a mondi dock, 
1 lAich carried a weight of 24lb8. was .046 of an inch ; it might 
ve even supported it much longer, but a different weight was after- 
ids hung on. It is very thick gut at .080 of an inch, and .060 of an 
k is about the diameter of common sized gut, which we shall take 
our estimate in the diameter of the barrel; then 2.0968 inches 
Nit .060 of an inch, will give for the true diameter of the barrel 
^68 inches. The diameter might be kept even a litde larger 
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than dik, siiuSe the cutting of the screw upon the baird for the gut to ride 
m will lessen it a little. The depth of the screw cannot be much noito 
or less than .020 of an inch, at which we shall take it ; 2.0868. +020 vil 
then make the diameter of the barrel 2.0568 inches. 

It is more than 40 years ago since we proposed that the trade in goM* 
ral should adoptt for all their work, gages having inches and the knmil 
subdivisions of an inch marked on them. Had this been done, it wuukf 
have made all the communications between the different branches of Ihe 
art extremely simple and easy ; and yet however simple this may appear, 
it has never been done. It must be observed, that every branch, such as 
movement-maker, enameller, glass-maker, spring-maker, verge-maker, 
&C. have all their own gages, not one of which corresponds with that of 
his neighbor's* and all these gages have numbers applied to them. Oi 
iriuit these numbers are founded, it would puzzle very much bo^ the nk* 
era and owners of the gagte to teU. 

To get the length of the barrel between the ends, let us take te 
diameter of the gut at .080 of an inch, in order to allow freedomhe- 
tween the turns on winding round the barrel. This .080 muhi piied 
by 16, the number of turns proposed, will give 1.28 inch, or verjf 
near 1 inch and -j^ths of an inch for the length of ^ banel betvMa 
the ends. The barrel, or great wheel, making a revolution in 48 
hours, we must see what the number of teeth for it, and the second 
wheel pinion which it drives, ought to be, and likewise the Dumber 
of teeth for the second wheel, and that of the centre pinion, so diat 
this last shall make 48 turns for one of the great wheel. Let us as- 
sume 24 for the number of the second wheel pinion, and 20 fiv that 
of the centre pinion. If we take 6 times 24 for the number of ^ 
great wheel teeth, and 8 times 20 for the number of teetii in the se- 
cond wheel, then the centre pinion will be turned 48 times round for 
once of the great wheel, as 6 x8z=48. Having assumed the piniooa 
to be 24 and 20, these multiplied into one another, and the prodoct 
multiplied by 48, the last product will be such a number, as wImii 
divided by a number for one wheel, the quotient will be a number (oc 
another wheel, 24 x 20 = 480 X 48 = 23040, which divided bj 
144, the number for one wheel, the quotient will be 160 for the 
number of teeth of the other wheel. Or if we take 25 for the nush 
ber of the second wheel pinion, and 20 for the other, these multipli- 
ed together, and the product again by 48, will give such a number, 
as when divided by 160, the number for one wheel, the quotient wifl ba 
160 for the number of the other wheel, 25 X 20 = 600 X 48 
=24000-7-150=160. The numbers for the teeth of these whaek 
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BUky be obtained in the same way which we make use of to find the 

Minoben of the teeth of the wheels for clock and watch movements. 

If iwe take 26 for the second wheel pinion^ and 20 for the centre pi- 

nkyiii and multiply them into one another, and if the product is again 

multiplied by 48, the number of turns of the centre pinion for one of 

die great wheel, we shall haye a number which being subdivided till 

then is no remainder, the divisors will form such sets of numbers as 

mmj be given for the teeth of the two wheeb. Thus 26 x 20 = 520 

X 48 = 24960, the divisors of which will be seven 2*^ one 3, one 

6, and 18, which give the numbers 166 and 160 for the wheels. For 

the subject of our astronomical clock, we shall adopt the number 144 

far the great wheel, and 160 for the second wheel, and its pinion 24, 

«d 20 finr the centre wheel. The object is to have as high numbered 

vfaeeb and pinions as can be conveniently got in. The diameter of 

As great wheel is assumed to be such, as will allow the teeth propo- 

nd fior it to have strength enough to bear the exertion put on them, 

which we shall take at 3.520, and for that of the second wheel 3.300. 

bother words, there are 3.5 inches, and .020 parts more of an inch, 

far the one, and 3.3 inches for the other. The pinions for the third and 

■wing wheels are to be 16 each, the number of teeth for the centre wheel 

IK, and for the third wheel 120. For the sake of saving trouble to 

tboae who may be inclined to make such a clock, we shall give the 

^auaeten of the wheels and pinions, and the distance of their centres* 



^e great wheel 

^^Gond wheel 

^^Wre wheel 

^bd wheel 

Swing wheel 

^Vheel concentric \ 
^ the second} 20 .7436 1.522 

dklo - - j 

The wheel of 20 is concentric with the second wheel, which making 
^hee revolutions in 24 hours, carries the hour-hand wheel of 60 once 
''oaiid in that time. The hour circle will have the 24 hours marii- 
^ on it, that is, from 1 to 24, being intended for a siderial time 
^lock* There is no other dial-work than the wheels of 20 and 60, 
^*i^ will require to have the hour-hand turned about by itself^ 
(ihiB caanoAbe considered as inconvenient by those who wish to have 
^'^ most perfect mechanism for the dial-work) when at any time 
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On CAicrcfc jBelb aid Gimg9. 

It 18 still a p<Miit imdetenninedt whether die common ahape of As 
bell, or that which is called the dish form, chieflj used for hotee 
clocks, is the best The great expense which attends expenmealv oo 
bell founding, wiU probably keep this long midecided. 

Bells are said to have been invented by Paulinus, bishop of Noh in 
Campagnia, ab<>ut the year 400 ; first known in France, 050 ; W 
used by the Greek empire, 864 ; were introduced into monaslerief it 
the seventh or eig^ century. Pope Stephen III. fixed duee baib ii* 
tower on St Peter's in Rome. In the churches in Europe diey weie 
introduced and became general in 900. They were first inboducad wH^ 
Switzerland, 1020. The first tuneable set in En^^and waahuqgsptb 
Croyland Abbey, in Lincolnshire, 960. The custom of dnisMiiK 
or blessing bells is veiy ancient, (^^ch probably Uxk place al 1b0 
first introduction to churches) ; it was expressly prohibilad If 
Charlemagne in 789. In some places this custom came aa iBir does 
as 1030. 

They were obaerved to be heard fardier idwD placed en 
than on hiUsi and atiD frifther in valleys than on piaina; die 
of which win not be veiy diflkuU to explain^ if it be ce tetaed tW 
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) higher the sonorous bodj is, the rarer is the medium ; conse- 
Biitly the less proper vehicle it is to convey the sound to a distance ; 
m 1 like cause, they are well heard in foggy weather. Nankin, in 
ua, was anciently fiunous for the largeness of its bells ; but their 
ormous weight brought down the tower, and the belb have ever since 
Q on the ground. One of these bells is twelve English feet high, 
) diuneter seven and a half, and its circumference twenty-three ; its 
ore almost cylindrical, except for a small swelling in tiie middle; 
d the thickness of the metal about the edges seven inches. From 
» dimensions of this bell, its weight is computed at 60,000 lbs. which 
DNie than double the weight of that at Erfurt, said by Father Kircher 
be the greatest bell in the world. But others assert that die bells 
Moscow are vastly larger ; that given to the cathedral by Boris Gro- 
la weighed 288,000 lbs. Even this, however, is exceeded by the 
I which was cast by order of the Empress Anne, the weight of which 
482,000 lbs. ; its circumference at the bottom more than twenty yards, 
hei^ nineteen feet, and its thickness twenty-three inches. How 
ninutive, in comparison of this most stupendous bell, are die laigest 
England ! the greatest bell in Christ College, Oxford, weighing only 
,000 lbs. that at St Paul's, London, 11,474, and Great Tom of Lin- 
*bi, 10346 lbs. See Imperial Encyclopcedia, 

^The great bell in the Kremlin, Moscow, (which must be that 
at by the order of the Empress Anne,) the circumference obtained 
IB sixty-seven feet and four inches, which allows a diameter of 
^Bat^-two feet, five inches, and one-third of an inch. The perpen- 
mlar height, from the top of the boll, corresponds exactly with the 
iteoient made by Hanway^ namely, 21 feet four inches and a 
K In the stoutest part, that which should have received the blow of 
6 hammer, its thickness equalled twenty-three inches. The weight 
this enormous mass of metal has been computed to be 443,773 
■• which, if valued at three shillings per pound, amounts to 
'66|666. IGs. laying unemployed, and of no use to any one." ^ In 
s belfiy of St Ivan, Church of St Nicolas, in the Kremlin at 
loicow, there is a boll suspended beneath others, thouc^ of less 
n^ which is enormous. It is forty feet nine inches in circumfer- 
koe, sixteen inches and a half thick, and its weight more than iiAy- 
(ven tons, 3651 Russian poods, or 127,836 lbs." See darkens 

The bell in the metropolitan church at Rouen, is said to be eleven 
lit in diameter, and thirteen feet high. The great beU at £rfiirt« 
^BBtboed by Kircher in his Musurgia VniversaUs^ weighs only 

62 
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26,000 lbs. It may be said oniy^ when compared ta a beD in Qam, 
said to be in diameter thirteen feet and a half, foity-two feel in cncm- 
ference, twelve feet and a half in height, and wei^ 120,000 lbs. or 
above (ifly tons. **The brass bell in Strasbuig weigfaa teo taoi; 
the other, which is of silver, weighs above two.** See Dr* Momn^t 
Traoeh. 

In 1752, the old clock in York Minster was rendered useless bf 
age, and being removed, another was made and put up by tbmf 
Hindlej of York, at the expense of about i&300. This ck>ck k sad 
to be very finely executed. The diameter of the largest (of a ng 
of twelve bells,) in York Minster, was five feet nine and a half iochii 
aiidwas69cwt. 

In 1765, they were taken down as untunable, and wera re-pheai 
in the same year, by a set of ten bells, cast by Messrs. Lestsrvi 
Pack, bell-founders, Whitechapel. They are of the same we^ 
and size as those which they cast for Bow Church in Loodos 
in the year 1762. Any difierence is at least too trifling lo nolioei 
The weight and sizes below are what were given for the set in Tdk 
Blinster. 
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June 4, 1762, being his Majesty's birth-day, (that of our lite 
and much lamented Sovereign,) who then entered into the 25di7Ctf 
of his age, the same was observed with the usual demonstratioiis <t 
joy. In the morning of that day, the famous new beDs st Bov 
Church, the finest in England, were rung for the first time. 

It may be added, to what has been said of the weight of ttie gnA 
beU in the Cathedral of St. Paul's, London, that the clapper of it 
is 180 lbs ; the diameter ten feet, and is the bell on whidi tk 
clock strikes the hours ; the quarters are struck on two lesser bA 
underneath. The length of the pendulum 14 feet, the weight of <k 
ball 112 lbs. The length of the minute hand is eig^t feet, its w«^ 
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^^ 0)0. ; the length of the hour hand five feet five inches, Hs weight 44 
vs. The length of the hour figures, two feet two and a half inches ; the 
CKeumfoBnce of the dial fifljHBeven feet, which is fully eighteen fee 
ii dameter. 

Hie great bell in St Grfles' Cathedral, Edinburgh was cast by 
XesuB. Fnck and Chapmen, Whitechapel, weighs 26 cwt and was 
put up about the year 1776. The bell in Heriot's Hospital, and the 
one m St Cuthbert's church, are much about the same weight and 
each weighing 8 cwt 2 quarters, and two feet ei^t inches in 



In St Andrew's church, there is a ring of eight bells ; the krgest is 
iboiil 16 cwt, the smallest 6 cwt, cast by the Whitechapel bell founders. 
Hieve was no little ingenuity displayed in hanging them, so as they could 
le rang without interfering with one another, considering the smallpess of 
he space m which they are hung. 

or lata, (1824,) we are informed, that a bell of 18^08 lbs. weight 
ms fbuiid in one of the vallies of the Jura mountains in Switzeriand ; 
Im how it came there, seems to be unknown. 

TheQong. 

We believe some attempts have been made in Europe to make such 
I aoonding instrument as the Chinese gong, but without success ; it 
aiiq^ a sort of bell metal not so hard as*clock bells, but perhaps some- 
liBl near to the hardness which church bells have, and, being cast 
ito the shape in which they come to us, the great secret in giving 
Ain that strong degree of tone may lay in the hammering them (after 
dug cast,) a little here and there. But this cannot be done with 
i&ty, unless both anvil and hammer, and gong likewise, are hara- 
lored, when under a very considerable degree of heat, nearly to that 
Uder which they would be seen, when in a veiy dark place, having 
be color of a dark red. And such a process as this must be attended 
vilh much difficulty and labor, so much so, as to have deterred our 
(even if they thought of such a thing,) from trying it A 
gong would break into pieces, by applying the hanuner to it 
vhflo in a cold state. Experiments have been made, where die hu- 
■m body has stood the temperature of 240^ for some minutes, in an 
ptirfin^it heated on purpose ; this may show how far it is practicable 
I h^wwnftr a gong in a very warm place. 

The gong ndiich Mr. Ludlam had in his possession, may have 
Ben raised up by the hammer, (as he thinks, and he was pretty well 
lalified to judge of this) from a flat sheet of metal. Any of them, 
MPeveTy that we have had an opportunity of seeing, were flat at 
ittom, widiout any raised up part, and had all the appearance of 
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havingmdindf bem OMI, Iqr ths Mod-nuks ^ 
DotwMMiMiBnythB^pplicalionrf liuiiiBer,as 
by it w&m Meat Imto and Ifaeni done ■wningly to MifiiB 
and give it tone. In CUntt googi are oooMcrafted to raGgioiMi 
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Ai €bct CyUnw and BdlJUime, muAofpridMg JBamii^ 

jfrnciion cfOrgm Cbcfa, 4^^. ...^i^in 

Chimi, in te geoend meaung* b applied tofhn )ii»M%'41iK 
such aa dmnge-ringiDg by chineb bella» or Urn iliflaag '^''iWli^r 
the boor fcj ft ofeck on two or nion beDa, or to tdnea phMk^t 
clock on a aeriea of dnoi tirdve, or iurt ee n beib, tnnad li^lHit# 
spectiva notea on the acale. OkKdo that ptef tODtoi oH WH^lf 
called muaical clocks; when quartera are chimed. or atmek b^^lb 
clock itaelfi tor ennqple« on six, or on eig^ beUs in oetaivei it b tf* 
ed a quarter clocks and sometimes a chime clock ; and iphn 'fc 
quarters are struck by a string being pulled, it is caDed a poll fna* 
ter or a repeating clock, whether the quarters are struck on or 
eight bells, or whether they are given by a double blow on die hoiv- 
bell, as , in the repeatmg watch. A time-piece, or going part, and 
having no hour striking part, but having a repeating part, is bj some 
called a silent pull. 

Various ways may be adopted for pricking tunes on the mosie bv- 
rels of clocks. The earlier mode of doing this was by taking i pioea 
of writing paper of such a size as to cover exactly the surface of la 
barrel, and in a direction perpendicular to the axis of the barreli ^ 
draw as many lines parallel to one another as there were notes in A* 
tune to be laid down on the barrel, the lines being equidistant, nd 
corresponding perfectly with the hammer tails as they stood in Ab 
hammer frame. They were marked at each end with the lettenof 
notes they were to represent in the gamut or scale of music; anlf 
according to the number of bars in the tune, as many spaces wtm 
made by lines drawn equidistant and parallel to each odier, inteaeci' 
iiig the others at right angles. The junction of the ends of A^ 
paper, when applied round the barrel, represented one of tteae fc*f 
lines. Tlie length or breadth of the spaces (which wii^ be Mf^ 
squares or parallelograms) contained between the bar and note fa^ 
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again divided on the note lines into as many parts or spaces as the 
Bumber of crotchets in a bar, and for notes of lesser value a less space 
mu taken. While the paper was lying on a table, the notes in the tune 
proposed to be laid on the barrel were marked by a black ink dot on their 
raapective lines, and in the same order as the bars of the music lay. Af- 
ter diis was done, the paper was pasted on the barrel : the note lines now 
^^peared like so many circles traced round the circumference of the bar- 
1^1, while the bar lines lay longitudinally on the surface of it By this 
moans the black ink dots were transferred and marked on the barrel by a 
puiidi or finger drill. This mode might answer very well where large 
bonels were used, and only one tune laid on ; but in smaller work, and 
whne several tunes were to be put on the same barrel, it is neither suffi- 
Qently neat nor accurate. 

We are not acquainted with the method adopted by those work- 
tmn m LondoD^ who practise the pricking of music on clock barrels ; 
bat having had occasion to construct some musical clocks above thirty 
yaan ago, and having no opportunity of getting the music prick- 
ed on the banels by any protessional person, it became necessary to 
contrive some method for this purpose. One way consisted in ap- 
pljiDg the barrel concentric with the arbor of a wheel-cutting engine, 
wbsm o dividing part consisted of an endless screw and wheel ; and 
fasving fixed other apparatus on the engine for this purpose, different 
nomberB of turns of the endless screw were taken for the longer or 
dioitBr notes, and the tunes were as accurately put on the barrel as 
oouU be wished. Another way consisted in placing the barrel and 
ila train of wheel work and regulating fly in the frame. A force was 
applied to turn the barrel, wheel work, and fly round in the order of 
fifling the music hammer tails, and an apparatus was used to mark 
Ae dots on the barrel. The fly made 360 revolutions for one turn 
of die barrel ; or, should this be thought too quick a train, it might 
be made by altering the numbers of the wheel teeth to make 250 or 
S60 revolutions for one turn of the barrel ; the train or revolutions 
of die fly being fixed, were made use of in the same way as the end- 
leis acrew in the former way, by taking a greater or a smaller number 
of tuns of the fly for the longer or the shorter notes. Knowing the 
nnmliftr of bars in the tune, and the crotchets in a bar, by calcula- 
tkn, the number of turns of the fly was obtained (and parts of a turn 
if necesaaiy) that a crotchet required, so that the tune might go 
nond the barrel, leaving a small space for locking and running ; this 
all that was required to be known: quavers and semiquavers 
to have their proportion according to the value of the crotchet 
AUMnigh the process of putting tunes on barrels answered very well 
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by boA Abm niodiodt, jet tt was itll«r tediooa, and al^^ 
trouUe and aAdianaaaioent in the opeiatioii; andamova riH|li'vi 
eamr laediod of doing dna was afterwards co u tri fnd and ada^H^llf 
which we oould hj on a tone widi the greatest aocoracj and 
in neail J ten ininwtios> 

AUkmi^ beD nmsic is not of a fimrite kind, jek.Ar Iks 
of sneh dockmaken as vmj be 'disposed to c ous ln icl nsMie shNll^ 
and have not the opportmutf of getting the miMie piiokadettfliilik 
rel by diose whose pfofesnon it is to do tUs sort of work, wiT M 
give a des ciipti on of the tool and its apparatus, whiA wB fee tMri 
veiy wen adqitod ftr dns pmposei and also of die bosmmt ef Mil 
it • . . ,. 

Having a good strong tnin4Mndi» soch as diose used kf dl# 
maken ftr dieir hvger sort of werik, to die standards or ksnir'tf i 

let diere be atteehed sqipoits on eadi skb; to dM su p i n i s «il 
side nearest dis woifcmant let diere be filed a straig^ ejISaMattd 
AB, Fhte XTIL 79, about tanortwehe nicbsB )m^ aBlli4hi» 
ter a ^niler of an inch, or even t h r oe-tond Mi of an niok' Ajp|| 
socket OD nnst be made ftr dns rod to slide eaaljr and 8land^|MlH| 
it, someadMii Eke die socket wkfeh slides on dis vfnitbt ajil mM 
of a watchmaker's g^aas stand. In the dnck and strQii|( put of lb 
socket £ is fixed a steel aim EF6, bait into a curve, wUdk Bbs off 
and above die music barrel when in the turn bench, as diowniaWr 
at £F6« The steel rod AB may at pleasure be placed at any dtolnos 
from the barrel, about an inch or rather more, and should stand jmnI' 
lei to the barrel aibor MN, and nearly in the same plane withib^vt 
rather a little above this than otherwise. On the outer end of t^ 
curved arm iss fixed a flat piece of steel 6, a little more dian half IB 
inch long, in breadth not quite so much, and about one-tenth of IB 
inch thick. The lower and fi^nt edges of this flat piece of i^ 
should be neatly and smoothly rounded ofi*, so as to allow it to cofl^ 
easily and freely into the notches a, 6, c, &c. which are on the e4P 
ofa thin brass scale, whose use will come afterwards to be expUnBi 
To the supports attached to the tum-bench heads, and on the oppo* 
site side to that where the round steel rod is placed, let there be fifr 
ed a slip of brass XT, about ten or twelve inches long, an inch ff^ 
a half broad, and nearly a tenth of an inch thick, the inner edge tf 
which must be made to stand parallel with the barrel, and die flU 
side to stand nearly in a plane between the upper surfiu» of the ktf^ 
rel and its centre, the edge being placed so as to stand clear of tin 
tops of the teeth of a high numbered wheel WW scre we d on to di0 
end of the baneL Near the ends of this slip of Inass, sGts ars aaikf 



APPARATUS FOR PRICKING BARRELS. 415 

through which screws «,«, pass, which screw it to the upper side of the 
ssppot ts ; the slits serving to allow it to be moved a little occasionally 
hogdnriae when required. On the upper side of the slip of brass is 
fixed anotheTf but not quite so thick, the length being about that of 
the barrel, and breadth one inch and three quarters. On the inner 
edge of this are made as many notches a, 6, c, &c. as there are ham- 
men* bells, or notes to be used in the tune or tunes to be marked on 
Ae barreL These notches are equidistant, and the middle of them 
sbould correspond to the middle or line of the hammer tails ; their 
width being such as to admit the flat steel piece 6 on the end of the 
civfiad arm £FG ; the depth of them cut on the edge of the brass 
should be about one quarter of an inch. The edge of this piece of 
famst or music scale as it may be called, must also stand parallel with 
the barrel, and at a little distance from it, not nearer than three-tenths 
of ao inch, so that the flat steel piece on the end of the curved arm may 
hate room to get in a little way, and to pass through at the same time 
Id a certain degree of depth. On the upper side of this brass slip, the 
letten of the scale of music or gamut are marked to those notches which 
comapood with the hammer tails, and hammers intended to strike on the 
befla the notes so marked ; but in an inverted order to the usual way 
in which they are marked in the scales of music, the lower notes being 
on die rigjht hand side, and as they rise going to the left. This is 
done to suit the way in which the bells are commonly, though not ne- 
eeMaiily, placed in music clocks, see 81 ; it is in the power of a clock- 
rndDOfy ef any ingenuity, to contrive the barrel to turn any way he 
tfanka proper, and place the bells to stand in the order of the music 
fcale, if there is any advantage to be derived from it. In the curved 
ann E F 6, 80, is fixed a punch /, having a very fine and sharp coni- 
cal point, at the distance of four inches or so from the centre of the 
iiidiiig socket, and not quite an inch from the outer end of the flat 
steel piece ; the punch, when applied to the barrel, should stand up- 
right* and directly over the centre of it This apparatus being all 
adjiuatad, as we have directed, it is evident that when the curved arm 
is raised up a little way, the socket can then be made to slide easily 
along the steel rod, and by this means bring the outer end of the flat 
steel piece very readily into any notch required, and the point of the 
punch is brought at the same time with the greatest precision to the 
place of the note on the barrel, leaving the flat steel piece for the 
line in the notch. The point of the punch touching or resting on 
die barrel, a stroke from a very small hammer on the top of it will 
cause the point to make a pretty deep mark or conical hole on the 
svfiMM of the banreL 
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It now renwins to be sbown how Urn tune or tho kagfet^rf lP 
differait. notoo «te dotenmnad* Long or slow, alMCt or ifikh Ml0k 
such ao the mSnain and demi iwDi-quaver, are not wall mUb^piflh 
muaioy andf of ooiine» are aeldoin mtroduoed mtotunaB^chilavLfilLiW 
the crotBhaf, qoatart and aeaiiqiiaTer« fomung the ye a fa a t piyl^-aCiP 
compoaitkMi : die miniiai and demi awnipguavar nwjr ham99h^ 
broug^ n at aome parta. It may be unneceaaaiy to etotoi 
pretty geneiall/ known, die proportioBal yabe of Aa nofanli 
another ; auflke it to aajy that a mmnm ia equal to two 
crotchetto two ipuTOra» a qinver to two aemMpiavviBi mieM tt^ 
quaver to two demi-aemi-qattrera. The fhne m whiotL Ihe^tiill 
tuma, after atiikmg or lifting a hammer-tailt to atdka angr nniiiiHi 
bell, muatbe in the aame proportion widi dien0tea,aoeuidii||<^iri^ 
respective chancter. Let a iriteeTof 960 teed^ for enofk^telii 
on die end of die banel« and let bodi be pkM^ n An tOmAinl^ 
widi die ^ipaiatua wUdi haa been deacribed. To An taOhApAl 
now attached a atad or bnuM qpiing, having a loiee or baodivgal ipajpj^ 
so that it may ftn into die apaoea of the irfieel teeth. V.^i>iili 

The tone propoaed to be bid on the bairal, contaoiB M.. Ipi|4|r 
three oroteheta eachi being 60 crolcheta in all : if 260, dM 
the iriieel teedi, is divided by 60, the number of die 
shall have four for the quotient, and ten for the remainder; 
thai we may take four teeth spaces for every crotchet, ten, the 
ing part of it, serving as a run for locking, and the other part to ^ 
run at unlocking for a tune to be played. Now, as a crotchet i^ 
equal to four spaces, a quaver must be equal to two, and a m0^ 
quaver equal to one. Suppose the first note, in the tune prc^poaei, i^ 
F. 79; the curved arm is brought to the left hand, and the fl^ 
steel piece put into that notch; the punch is then made to 
tlie barrel ; and this being a semi-quaver, or the fourth part 
a crotchet, the spring index is shifted into the next qiaoe €^ 
the wheel teeth, and the curved arm moved to the next nol^ 
>vhich is 6, on the left hand, and the flat steel piece being pi^ 
into the notch corresponding to 6, the punch is made to nudk it 
the barreL This being a semi-quaver also, the spring ia shifled i 
the next space, and the curved arm moved to note Aon thekA; 
steel piece is put into the corresponding notch, and the punch 
this on the barrel. A is here equal to a quaver and a half; 
fore the spring index must be moved over three, or into the dni^ 
space, and die curved arm moved to the next note, being 8,00 
left hand ; the steel piece being put into this notch, the note 
ed on the barrel ; and as it is a semi-quaver, one 
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it, and the arm moved to G. This being marked, and a» it is a qua- 
ver, two spaces arc taken, and so on. When crotchets are marked, 
four spaces are taken after marking them. In the tune which we 
hare used, nine bells or notes are nil that are required; and three 
more, or a dozen, would give sncii a compass as to take in almost any 
tune that might be required. In place of the spring index, it would 
be better to have a single threaded endless screw to work into the 
wheel teeth, one turn of which would be equal to a tooth or space. 
The aihor of the screw being squared on one end, and a small handle 
for turning it being put on, there would be less danger of making 
mistakes with the screw than with the index. On the arbor of the 
acrew there might also be put a hand or index to point to a circuUur 
«pace or dial of eight or ten divisions. This would give room to 
make parts of a turn, where great nicety is wanted. After one tune 
is laid on the barrel, either it or the music scale must be shifted a 
Aort space when the next one is to be put on. To shift the music 
scale is perhaps the preferable way of the two ; and the spaces for 
shifting should be marked on the top of one of the supports, and close 
by one end of the long slip of brass ; or they might be marked on 
& short line drawn longitudinally on the surface of the barrel at or to- 
wards one of tiie ends of it ; or by taking both methods, the one would 
serve as a check on the other. The length of shifting depends on 
Ae distance between the hammer tails, and the number of tunes to be 
put upon the barrel. For example, if the distance between the ham- 
per tails is four-tenths of an inch, and it is proposed to put eight 
^nes on the barrel, then if we divide four-tenths by eight, we' shall 
'^^'Ve half a tenth for the length, or space to shift for each tune ; and 
^lus is taking advantage of the whole space between the hammer tails, 
^ circumstance which is frecjuently overlooked ; for where the shifts 
^Ve been confined to a less space for shifting than might have been 
8ot, so much room is lost. The distance between the hammer tails 
''spends on their number, and on the length of the barrel. We have 
'^^^e the disltmce a quarter of an inch, where the number of ham- 
^^ra was eleven, and the length of barrel about three inches and a 
barter, the number of tunes put on the barrel seven, the spaces for 
'hifting were three hundred parts of an inch or thereabouts, and 
^here the clock of itself shifted the tune. When the hammer tails 
^'^ thin, a number of tunes could be made to have their shifts in a 
^«ty short distance between the tails; the diameter of the Hfting 
P*Oa must alfo be taken into account, being of some consideration 
^here the spaces for shii'ting are extremely limited. Although we 
^Ve taken the number of the wheel teeth for dividing the notes at 
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260, jret ntheragtwla- orakwmnnlMr tatf be MMHHitdiamf 
is raqnind, k| to pnpottiob tha nnmlMr of Iibdb of Aw-fliAM 
Bcrew, ud fiHto of s tan, to tbe nomber of ban m fln feH%,lr-4kk^ 
noteomOMdi bar, and to baro the tnea to gonaailf MMAHfeVilv 
re), ao AataBnan part of a mrololian of it. attm 1i» 1mm h l^tft 
over, ma^ ba kA ftr wkatia caDad lockn^ and nmii^ tf^Vto* 
nding wind ««a tUuB at IM taea,aiid tka tsM biA«B "WMf* 
to hare SO ban, aodi bar baiting duve orotcfaalai as ■ ^i^hMi 
flxan^le, IK tMttdttidad bjr SO, Iba nndm of cwlafcH^ *» m> 
tient would be two, atid tba wmrindw wndd be eight ; so that mdi 
crat^et wodd nqoira two taolh or tonii of the endless screw, i 
qimer one ton, aad a aaaaii|nKTar baKa tarn, and tbe remaining 
ei^ taeA woidd aene Ibr loddBg and nmnin^. When ihc turn 
am all maikBd ixi Ae banal* aadi naik naat be <lnUed to obtm 
holes ftrtbafiffiag |au to bedrircntnto tlMn. Great i 
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whetted up, ■ 
it imf diiD all the holea wilboiit leqinting to be < 
the object bare ia to ba.TC bH the hobe of Ifaa same widtb, 
the lifting pioa majr be all of Ae budo diuneter. The holes brini 
drilled, and the burel polidied, a number of pine ■hoold he p>i|W' 
into lengths of half an inch' or ao eech, and a very little tip«al i 
one end. The stronger and harder the brass wire fbr the |iaaji,ai 
much the better ; some of the best kind of pins used in the taib 
(tress are very fit for this purpose. In placing the pins inlheMn 
if tbey should he found too long for knocking in by the hanautiftaf 
shodd be shortened by the cutting plyers before die tuip(»|iHT is i^ 
plied, which will prevent bending, and allow the i»ns to have a nn 
secure hold of the barrel rim. After all tbe pins are put in, tklf 
must now be shortened to an equal and proper length or ha^bL Ftf 
Ibis purpose, prepare a hard cylindrical steel collet, haniq; a bok ii 
iUt centre sufficiently wide to allow it to 1m put readily oo dia (it; 
tbe lower end of it hollowed, the upper end rounded, and ths bii^ 
of tbe collet about one-twentieth of an inch or a little mcae; tt 
height depending on the size of the barrel and the diameter of A* 
pins. The collet being placed on a pin, the cutting plyers are qf^ 
ed to cut the pin just over by the rounded end; a Bmall toocb <f* 
file takes away the burr made by cutting, and as (he haiiliiiwa ttt* 
collet prevODts the file from taking any more away from Ae huigit*' 
one pin than from anothef, they must all be of an eqoal hgi|k'- 
This toleration beiog fiaishedi the Hnull bum made on Ibe top <f Iks 
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bj the file roust be taken oflT; thifl is done by a. piece of steel 
wire, about six or seven inches long. The end where it is twirled 
about by the fore finger and thumb, should, for the length of an inch 
«r BO« be made into an octangular form, for the more readily turning 
it round backward and forward. On the face or point of the other 
flid, two notches are made across each other, which may be either 
angular or round at bottom ; the latter may be the better of the two, 
if righitly executed, and should be made with the round edge of a 
fiat file, whose thickness should not be more than the diameter of the 
pmt. The point where the notches are cut should be hardened, and 
the inside and bottom of the notches polished, so that a sharpness 
BSJ be given to take away the burrs easily from the top of the pins. 

^Hie shape of the hammer tail is such as is represented at 81, 
a tann which makes the hammer easy enough to be drawn, and 
Iha nib of the tail takes little or no room when falling ; and should 
two i«i8 or notes succeed each other rapidly, the nib or point of the 
tail will not be interrupted by the succeeding pin. In the 
musical clocks, and even in those made long afterwards, the bells 
■11 placed on one strong iron bell stud, the opposite end of 
wUdi was sqiported by what may be called an auxiliary stud, ndiich 
a crampness that prevented the bells, when they were 
hy the haromers, fipom vibrating, or giving out that full tone 
wUdi they might otherwise have been made to produce ; and the 
i mptof em ent made on this, as well as on the quarter bell studs afler- 
waids, was eflfected by placing each bell separately on its own bell 
aindt which was made of well-hammered brass, having some degree 
of ebstieity. The sweetness given to the tone of the bells by this 
method was truly surprising. The bells in this kind of music may 
be sounding at the time that a succeeding note is struck out and 
tiwmiiing too, which may not be so pleasant to a veiy nice ear. This 
can be prevented by having a double set of hammers, and having 
eweiy tune pinned twice over on the barrel, one set of the hammers 
having the heads of buff leather, or having a brass head with a piece 
of doth sewed over it Those, when they strike the bell, will damp 
the sound of the note which is last struck. The buff hammer should 
fcU on the bell to be damped, at the same instant that the brass ham- 
strikes the succeeding note on its bell. This improvement, 
', must greatly increase the expense on such a clock ; but the 
of buff or doth hammers is so striking, that the additional price 
os|^ not to be grudged. 

In Pkte XYII. 81, A A is a circle representing an end view 
if a dock music barrel and a few of the lifUng pins. The dart 
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Adm ibb dik«clion m wliidi k toras. The httm «,! «^«»^ 
pMnat A Bc clk w i or end ^riew of ft biftsB piooe-4uii •faiiipiAi*«i4 
leoglh depemb on that of the btnel, and the ■uniber «f 
bcf'hC' into thai brass pteoe, wbkh is called the hanmei 
ktogtfa ef it being sometimes three or four iiiches» somelimei<ta 
tMhe. The flat part Of the hammer tub fills up the tfafek^ 
die hammer fiemlB* into which sGts are made to receive Hie ha^il 
Near to dtoomer and lower angular part at a of the fienavft^vl 
is mfedethrani^ the whole length of it, not drilled, but iiliimW 
As l i s f t Kii w eoi U, and dns is done befiwe ai^ slits«inmnl»j 
ftr "fte faammen. A wire is put ttraig^ Ais hols, and AraeipM^ 
le sp o wd i n g holes in die flat part of the hannner tails. Thiswii 
diflireenire of motioD, and die holes inthemaremade S9r«»'4erf 
freedatt'dA it, end die flat part of die hammer tails is^alsst ms^ 
hanMi' ' W ed om in die tffis made to receive thrai* Qn the 
of die liamitwr fiame et A, die I—""— ^ spiiogs si c, are 
fbr Meh hammer, aodng on that' part of die hammer taiLjasMri 
it comes out of the- tfeidc pert of the hammer ftame.- . Whaa .Am^ 
itf die bene! raise up ai^ hammer by the nib, and caoThigiiliJ 
fliomdie bell, at the instant the pin quits the nib, the spimg-^i^ 4 
its retanung force, makes the hammer head give a blow on Ae< 
to elicit the sound. To prevent any jarring in the bell by dm h 
mer head resting or touching it after having given the blow, c 
hammer has a counter-spring acting near the lower end of the shi 
and inside of it All the counter-springs are made to project i 
one slip of well-hammered brass, and screwed on the top of d 
kneed brass cocks, fixed to the upper side of the brass frame, d 
a view of the side of one of the cocks ; and e e an edge view of 
of the counter-springs. // is a side view of one one of the bell sli 
which are also screwed on the upper side of the hammer frame : 
edge view is seen 9i f f, 81. g, g, g, g, are edge views of the h 
g, g, 82, is a side view of one of them as fixed to its stud. 
some musical clocks, in place of the barrel being made to shift 
change of tune, the hammer frame is made to shift, carrying wit 
all the hammers and bells. The change or shifts of the bane 
eidier done by the hand or by the clock itself. The mechanian 
this commonly consists of a wheel fixed on a steel arbor, on the sqi 
of which a hand is put, which points to the name or number of 
tune marked on a small dial, at which the barrel for the mon 
stands. The diameter of this wheel is about one inch and ft 1 
and sometimes more or less. The rim is a strong and thick hoop 
contrate form, having as many steps on it as there are tunes set 
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the barrelf the height of the steps being equal to the space from one 
tune to another. On these steps rests the kneed end of a double le- 
ver about four inches long, whose centre of motion is in the middle, 
wad is either upon strong pivots run into a kind of frame, or upon a 
■tout pin, which goes through the lever and the brass stud in which 
the iefver moves. The other end of the lever bears on the end of 
one of the pivots of the music barrel, which is pressed against it by 
means of a pretty smart steel spring, acting against the end of the 
opposite pivot' Concentric with the hoop-wheel, and fixed on the 
mne arbor, is a star-wheel of a number according with the steps on 
dw hoop- wheel, a jumper with a pretty strong spring, works into the 
■tiP-^diee], by which means the barrel is kept always to its place, by 
die lever bearing at one place on every step. Although the Figures 
ivUch have been given to represent the hanuner frame, hammers, 
^liiigB, and counter-springs, bell studs, and bells of music striking, 
ire not exactly like those which are commonly made to strike quar- 
tan in docks, yet they are equally well calculated for the purpose : 
Miy the nibs of the hammer tails need not be so far from their centre 
if motion, being less confined by the pins in the quarter barrel, 
vUch are fewer in number than those on a music barrel. A quarter 
bvrel need not be much in diameter, if five quarters are only to be 
put on it If ten is intended to be put on, then the diameter should be 
^biAle that of the other. 

After having described the method of laying down the tunes on a 
'mine clock barrel, it may be thought unnecessary to explain the me- 
^l^od of putting on the quarters of a clock quarter or chime barrel. But, 
*Uiple as it is, we conceive it will be both interesting to the general 
''^^der, and acceptable to workmen who may not be in the habit of con- 
^^^ing for themselves, or who may not have had an opportunity of seeing 
'^ executed by others. 

Qnarters are commonly struck on a set of eight bells, from 6 to 
^^^ ID octave, or they may be numbered 1, 2, 3, &c. on to 8. The 
^^^aiter barrel may have eight circles faintly turned on it, so as to 
^^^vreapond to the quarter hammer tails. Five, and sometimes ten 
^t^^aitras, are put on the barrel; we shall, however, in this instance, 
*^^y lay five on the barrel. Take a wheel cut into 50 teeth not 
^^linded off, and screwed temporarily on the end of the barrel ; pro- 
vide an index, and a piece of brass bent so as to apply to^ the barrel 
^^ben in the turn bench, in the manner of a straight edge, and the 
^<ldex spring tight in the teeth ; take a point, and make a slight trace 
Across the circle, which corresponds to high 6 or No. 1, then move 
the index a tooth, in the direction the quarter barrel turns when moved 
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by the wheel work ; make a trace across the circle intended for Ae 
second hammer, and so on. When tb^ eighth circle has been maifced, 
move the index two teeth or three spaces, and trace here for the fini 
hammer of the succeeding quarter, and so on till the whole is coni|^elad; 
the barrel may then be drilled and pinned accordingly. Should the ion, 
tervals between the quarters be thought too litde for locking, the whed 
in place of 50, may be cut 55, and this will allow three teeth in plaoe of 
two for the intervals, the hammers will be then a little quicker in Mr 
succession to one another. 6, A, B, C, D, £, F, 6, may abo bs 
represented by the figures, 1, 2, 3, 4, 5, 6, 7, and 8. No. 1 bei^glfai 
high G, and 6 the low 6. The changes given in the foUowhigsettf 
chimes or quarters, will exhibit how to proceed in putting them on is 
batrel, after what has been already said. It will save trouUe even tot 
good reader of music, but much more so to those who cannot readii 
to have the straight edge piece of brass, numbered from the bells, 1« S,tt 
4, 6, &c« so as to correspond with the faint traces on the quarter bwrdt 
or with the hammer tails ; let the notes of the chimes have tkeir mmitr 
marked as in the example given here, in the order they stand inAe 
gamut ; by this means the notes can very quickly be transferred to the 
barrel. 



A set of Chimes for Clock Q^arter8 ; the barrel making two reooUiM 

in the hour. 




^Mim^m 



15372648 17354628 1573642ft 

401 51 h 








13754268 1357 2468 



With the number of 8 bells and hammers for the quarters of a duoe 
or quarter clock, a great variety may be produced ; and where it may be 
preferred to have the chime or quarter barrel to make one revolutioo fiv 
tiie ten quarters which are given in the course of every hour, we shall 
give a specimen of a set of chimes which may be put on such a barrel 
The wheel put on for this must have 100 teeth, taking the same steps tf 
with the wheel of 50. 
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Iseiof Chinua for Clock Q^arler Barrels^ tokick make one revohUion in 

an hour. 



Cd 




.3d 






7th 8th ^ 




g a ^ 



Organ Clocks. 

Tint music which is produced by clocks ¥rith organ barrelst must 
le greatly preferable to that of bells, and the apparatus for marking 
he tunes on clock barrels is equally suited to do the same on barrels 
ntended by machinery to work or to sound the pipes of an organ; 
Iw di^rence consisting in marking off on the barrel the spaces of 
he longer and shorter notes, as in place of pins they have staples or 
nidges of various lengths, according to the length of the note, or the 
ime which the pipe should be allowed to sound it: The very short 
lolee are by pins of different thicknesses* lYhen an organ part i» 
mt to a ck>ck, considerable power or force of weight or spring is re» 
fuirBd ; small as the organ may be, or its wind-chest, some force is 
requbed to work the bellows, so as to keep the wind-chest fuU and no 
nioie. To work the bellows, that is, to move the lower board of them 
up and down, on the inside of which is an air valve that opens on the 
board being moved downwards, and on the motion upwards it shuts, 
ind the air being then compressed, it is forced into the wind-chest 
by a communication between them for that purpose, and is ready to 
pve sound to any of the organ pipes the moment when any of their 
valves should open. This operation with the bellows, though of a 
different shape, is just the same as with the common bellows when 
blowing up a fire. The bellows is worked by means of a short crank 
fixed on one end of the arbor of an endless screw, which works into 
a trundle of a high numbered pinion, which is on the end of the or- 
gan barrel, and nearly of the same diameter with it. On the oAer 
ond of the endless screw arbor is fixed a small jagged pulley, over 
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iriuc^ m pat an endleaa silken cord, ' 
roimd anodier jagged pulley on the end 4 
the quick running or fly wheels in the c 
u* nguhtedby k&j, by vhicb (be relocityd 
hfli^ighttoke^ the tsoe required for fben 
k^alled bf tba moving power, which is 
tW naed in hell music), communicate their in 
eoftt) Bod turn die orgen barrel. The [ 
b4nl turnngi act on the tmla of levers neariyl 
mar tails of the bell musical clock, only they « 
^onhle on a centre or wire. The other a 
cq>ponte direction, and are about the same Ic 
by die staples on the barrel when turning, and Of 
towards the end, where the under side (on tbefl 
down on the upper ends of the slender rods, wbs 
uewiB open the valvesof the oi^au pipes, and tbeH 
lagaslbeMia pins or bridges. What has beat 2 
'flfeief lOMianeiyinanoiganclock. Mnnywaj'Bll 
<agu baml in motion, and at the name time wfailA p 
atnwt to make the clock of itself shifl the barrel frff 

By experience, when making up an organ cloci 
oTtbe bellows to be rather a nice piece of business : 
thick side, it lequires a great force to 
at the same time ; the bellows leather should be ol 
kid, such as that of which ladies' gloves are made ;J 
necessary to wch^ them will be greatly lessened, t 
as it consisted of two laige barrels, three inches oi 
near to two inches broed, each containing a pretty pi4 
fusees, on one arbor, were in diameter ai 
a half. In ttie organ train of wheels, the numbem A 
80, 70, 60, and L6, the pinions 16, 14, 12, and 4 j 
screw, on whose upper end the wings of a Ay werefl 
worked into the screw ; the wheels, btUTels, and C^ 
a double frame, composed of three plates. It n 
having so great a foroe, that the 6rBt or great wbd 
Ihiok, and to have strong teeth, the leaves of tbel 
be also strong. The double game, with the i 
organ bane), was fixed in the upper part of the cl 
reU bellows, wind-cbest, &c. were placed ii 
a spting «iMt ■truck the hour, and the quarten ~ 
blow, tbe pendulum 16 inches in length, the iriw 
manner, yet we trust not injudiciously s& 
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Musical Springs, 
'Wiibm these few years a new species of music by steel springs has 
been invented at Geneva. Fruni the sniallness of the machinery which 
plays the music, it is very suqirising and curious, as it has been put 
into rings, seals, watches, and siuiff boxes. Two ways aroused to lift 
the ends of the springs which five the different notes ; one is by a very 
small ^barrel, the other by a pla:i> wheel. The last being more adapted 
to take up little room, is chiefly used in watches. The space for the 
springs falling, afllcr being bent u)), is short. A double set of springs 
for giving the same notes is made, without which the beauty of the 
music could not be produced. The number of springs varies, for the 
most part, from sixteen to twenty-four, or upwards. Those springs 
^<iiich are lifted by the barrel pins arc straight, while those which are 
lifted by the pins in the plate wheel have a sort of part projecting from 
the end at one side ; and this side edge of the spring lying over the top 
of the pins is taken away so as to clear them. The projecting part at 
the end of each spring corresponds with its own lifting pin. As the 
pins are on both sides of the plate-wheel, this allows a greater variety 
Bootes than the barrel can perhaps admit. The springs on the upper 
^od under sides of the plate-wheel are sometimes sixteen or seventeen 
<^ each side. On the plate-wheel are traced 16 or 17 concentric cir- 
cles, for the pins to meet their corresponding notes in the springs, whose 
ends come each to their corresponding circle both above and under the 
plat^wheel. An apparatus on a small scale being made like that which 
otkB been described, will serve to put or mark the places for the notes 
^th on the barrel and the plate-wheel ; the only difference is, that 
^he barrel will require to be marked by a curved arm sliding on a 
^ted rod. The concentric circles on the plate-wheel, must have short 
^^d faint traces across them : This is regulated by a thin straight 
^dge laid in an oblique direction across the circles, and the intersec- 
^oub are afterwards marked by a point The springs may be easily 
^^<iied to their respective notes, as the least thinning or shortening 
^hem will make a very sensible alteration on the tone. The tongue 
Hf a steel trump^ or Jew's harp^ shoves^ in some degree^ what may 
^« done in this way by steel springs. The train which regulates this 
VQvj minute musical machinery, as may very easily be conceived, must 
^ composed of a few very small wheels, the motive force being propor- 
tiombly smalL It must be a great effort of pcUience and ingenuity to 
^'^^lus them play two or more tunes. However beautiful and ingenious 
^« machinery of these small contrivances is, they can only be con- 
'*'dered as toys for amusing children. A spiral steel spring has been 

■^t«ly introduced into clocks, in place of bells. 
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Thu rollowiDg Tabls of Prime Numbers, will be fcond ntf MonoiMlfaMfa 
to, vben c<ini|>uling for Plwiet&ry oi othoi NumbetB. b««a apHlMi im 
beenpboed is was intended, upderChnp. IV, on that veirblarMli^ niJM 

TABLE OF PRIME NUMBERS UP TO 10,000. 





2 


193 


439 


70* 





1291 


1597 


1901 


2237 


2649 


2851 


3209 




3 


197 


443 


709 


1009 


1297 





1907 


2239 


2651 


2867 


3217 




5 


199 


449 
457 


719 
727 






1601 
1607 


1913 
1931 


2243 
2251 


S 


2861 
2979 


3231 
3239 




7 


1019 


1301 




11 


211 


461 


733 


1021 


1303 


1609 


1933 


2267 


2591 


2887 


Am 




13 


223 


463 


739 


1031 


1307 


1613 


1949 


2269 


2693 


2897 


33SS 




17 
19 


227 


467 
479 


743 
751 


1033 
1039 


1319 
1321 


1619 
1621 


1951 
1973 


2273 

2281 










339 


2609 


2903 


3259 




3a 


333 


487 


757 


1049 


1327 


1627 


1979 


2287 


2617 


2909 


3271 




39 


339 


491 


761 


1051 


1361 


1637 


1987 


2293 


2621 


2917 


32S9 




31 


241 


499 


769 


1061 


1367 


1657 


1993 


2297 


2633 


3927 






37 


261 




773 


1063 


1373 


1663 


1997 





2647 


2939 


3301 




41 


257 


503 


787 


1069 


1381 


1667 


1999 


2309 


2657 


2963 


3307 




43 


363 


509 


797 


1087 


1399 


1669 





2311 


2669 


2967 


3313 




47 


369 


521 





1091 





1693 


2003 


2333 


2663 


2963 


3319 




63 


271 


533 


811 


1093 


1409 


1697 


2011 


2339 


2671 


2969 


3333 




S9 


277 


541 


831 


1097 


1423 


1699 


2017 


2341 


2677 


2971 


3339 




61 


281 


547 


823 





1427 





2021 


2347 


2683 


2999 


3331 




67 


283 


557 


827 


1103 


1429 


1709 


2029 


2361 


2687 





3343 




71 


293 


663 


829 


1109 


1433 


1721 


2039 


2367 


2689 


3001 


3347 




73 




669 


639 


1117 


1439 




2053 


2371 


2693 


3011 


3369 




79 


307 


671 


853 


1123 


1447 


1733 


2063 


2377 


2699 


3019 


3361 




S3 


311 


577 


867 


1129 


1451 


1741 


2069 


2381 




3023 


3371 




89 


313 


587 


869 


1161 


1463 


1747 


2081 


2383 


2707 


3037 


3373 




97 


317 


593 


963 


1163 


1459 


1763 


2083 


2389 


2711 


3041 


3389 







331 


699 


977 


1163 


1471 


1759 


2087 


2393 


2713 


3049 


3391 




iOI 


337 





881 


1171 


1481 


1777 


2089 


2399 


2719 


3061 







103 
107 


347 
349 


601 

607 


883 
8S7 


1181 
1187 


1483 

1487 


1783 

1787 






2729 
2731 


3067 
3079 


3407 







2411 


3413 




109 


353 


613 





1193 


1486 


1789 


2111 


2417 


2741 


3083 


3433 




113 
127 


369 
367 


617 
619 


907 
911 








2113 
2129 


2423 
2437 


2749 
2753 


3089 


3449 




1201 


1499 


1801 


8467 




131 


373 


631 


919 


1213 





ISll 


2131 


2441 


2767 


3109 


3461 




137 


379 


641 


929 


1217 


1511 


IS23 


2137 


2447 


2777 


3119 


3463 




139 


383 


643 


937 


1223 


1523 


1831 


2141 


2459 


2789 


312] 


3467 




149 


339 


647 


941 


1229 


1531 


1847 


2143 


2467 


2791 


3137 


3469 




161 


897 


663 


947 


1231 


1543 


1S61 


2163 


2473 


2797 


3163 


3491 




157 
163 




659 
661 


953 
967 


1237 
1249 


1649 
1663 


IS67 
1871 


2161 
2179 


2477 






3499 




401 


2601 


3169 




167 


409 


673 


971 


1259 


1569 


1S73 





2503 


2803 


3181 


3511 




173 


419 


677 


977 


1277 


1667 


1877 


2203 


2621 


2819 


3187 


3817 




179 


421 


683 


983 


1279 


1571 


1979 


2207 


2631 


2833 


3191 


5537 




181 


431 


691 


991 


1283 


1579 


1SB9 


2213 


2539 


2837 


— 


SS29 
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997 


1289 


1583 




2221 


2643 


2843 


3303 


3633 
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3539 31 
aS4l 3: 
3547 3J 
35d7 3J 
36&9- 
3671 31 
36813! 



3607 3: 

361S3 

U173 

3I»IS3 

36313 

3637 3 

3643- 

3669 

3671 

3673 

3677 



14549 
7 4661 
9 4667 

9 422914583 

-4231 

7 4241 

1 4243 

7 4263 

9 4269 

3 4261 

9 4271 

1 4373 



49336279 

4937 5281 

4943 

4961 

4967 

4967 



3727 
3733 
3739 
3761 
3767 
3769 
3779 
3793 
3797 



3803^139 
3S214163 
3823 4157 

38331159 
3847 4177 

3861 

3863 4201 



9 4651 
7 4657 
-4663 
7 4673 
7 4679 
9 4691 

9 

7 4703 

3 4721 

3 4723 

14729 

7 4T33 

4751 

4759 

4773 

4787 

47«9 

4793 

4799 

4801 
4813 

4817 
4831 
4861 
4871 
4877 



9 7001 7 

9 7013 7 

1 7019 7 

- 7027 7 

7039 7 

7043 T 

7057 7 

7069 7 

7079 7 



179 5821 



9 6211 
16217 
7 6221 
1 6229 
7 6247 
9 6257 
9 6263 
1 6269 6' 
7 6271 6' 
-6277 61 
3 6287 6 
3 6299 6' 



6431- 
6437 61 
6449 61 
64616 
6469 6: 
6473 61 
6481 6 
6491 6 

6 

(>&21 6 

6529 6 

6547 6! 

6651 6 

S663- 

6563 6 

6569 

6571 

6577 

6581 

S599 



3 7207 7i 
1 72117 
7 7213 7, 
3 7219 7, 
9 7229 7i 
I 7237 - 
3 7243 7i 
'9 7247 7( 
- 7253 7i 



7 6967 

9 6971 
7 6977 



7307 71 
7309 7i 
7321 7i 
7331 7 
7333 7 
7349 7 
7361- 
7369 T 
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7741 
7763 
7767 
7769 
77S9 
7793 

7817 8 



7841 81 
78S3SI 

7867 9 
7873 91 
7877 81 
7879 91 
7883 S< 

79018 



7949<8t67 9353 



9171 8 

3179 8 
81918 



!1 8419 8 
1 8423 8' 
3 8429 8< 
7 8431 e< 
3 8443 8' 



18297 

7 

3 8311 



8601 Si 
8613 6i 
8621 81 
8527- 
8537 9' 



7 9001 
9 9007 
19011 
19013 
7 9097 
9 9041 
9 9043 
19049 
3 9059 
7 9067 



9461 
9463 
9467 
9473 
9479 
9491 
9497 

9511 

9621 

9533 

9539 

1 9647 

9 9661 

-9687 



9649 • 

9661 ! 

9677 ! 

9679 ! 

9689 ! 

9697 ! 

9719 ! 
9721 . 
9733 
9739 
9743 
9749 
9767 
9769 
-9781 
1 9787 
3 9791 



9931 
SMll 
9949, 



9629 91 
9631 91 
9643 91 



APPENDIX. 



(A.) 

Uw^A, 4ih Fib. 1788.— The following are copiefl of Letten 
ivn me by my good friend Mr. Johh Holmbs, watchmaker, Londooy 
ir infonnation on the subject of Turret Clocka, and were seni aa 
■efcto himt by bis ingenious friends, Mr. John Sbuatoh, eogi- 
avi and the Rev. Wm. Ludlam, Professor of M^thmnQtwfi 
iindndge. T. R. 

Frmi^ Jtfr. John SmeaUm to JIfr. John Holme$. 

Jbuthorpe^ bih Jftb/, 1779. 
kB Bbother H. 

eoogFBlolate you on your contract with the Board at Greenwich 

|iilal, so much to your credit; and doubt not but that you will give 

Action, only wish you had had a little more money, for though, 

iidc, you may save yourself, yet I would have wished you to have 

an adequate recompense for the invention, care, and attendance 

must be necessary in such an undertaking. When I mentioned 

]g my opinion, I did not mean to give you a plan ; for that never 

g put to me, I never absolutely fixed upon; I only think in ge- 

1, that the plan commonly used by Father Hindley, for many 

s past, was elegant and commodious, in giving liberty of length 

the barrels, without inelegantly lengthening the pinion aibors ; but 

espedally in his latter days, he got into many schemes, that appear 

oe to be much more cost than worship, my meamng was merely 

Uk out the outlines, in order to weed out those tilings, that create 

A trouble and difficulty, and mean little ; and to mark out those 

gs on which a good performance, so as to give satis&ction to the 

Be ejre and ear, depends ; and I am glad to see, both by your 

Msal and what you farther say upon it, that your ideas and that 

he town artists, are very correspondent in the outset with my own ; 

as you are pleased to say, you shall not stick a spoke till you 

e heard from me, I shall give you my notions in the rough, as 

r run, that this great work may suffer no Hinderance by me ; and 
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perhaps it may be saving of time to say, that I never saw any rafc 
of Hindley's that« upon the whole, gave my mind so much satiAo- 
tion, as that executed for Bishop Thorpe. l«<iy, A clock with b»> 
nute hands, two dials, and to go eight days, in so exposed a situtiQiii 
should not only be made stout and able, but so contrived as to fD 
through thick and thin ; that is, aim it rather to keep going tohnUf 
with very different powers, than filmed for accurate measure of iam, 
when a pound or two too little shall make it stop entirely, ^dhjf (k 
this view I totally reject the idea of going with two wfaeelst wkkk 
distorts every proportion, and puts every thing in distress, nd d 
this to save a very trifle of friction, which Mr. Harrison veiy julf 
observes, that in clock-work (even intended for an accurate mwaw 
of time) means nothing, provided it is always equaL The piuyoiiM 
here seems to be, not to make the clock go wiUi the least weigkfN> 
sible, but to make it bear as much as possible, without a lotal ^ 
rangement of the time ; for this reason, 3(%, I would not wiA Ae 
pendulum to be longer than to beat 30 per minute, but woidd pt 
it an heavy ball to swing out well, with a deep 'scapement, ad to 
admit the angle of vibmtion without banking, to be fully double^ fhen 
the clock is clean with all its movements on, and in calm wmA/m 
to what will let it 'scape. I say a ball, for, in this case, I shoold ft^ 
fer a sphere to a lens, that it might take the more air, and bear tk 
more weight; which figure is also subject to the least change bm 
accidental currents of air. Hindley's suspension and appUcatkm of 
the crutch I think exceeds all I have seen. 4thy For the ressoDB 
above, the teeth of the swing-wheel should be deep, and duU the 
weight and pressure may not produce an unreasonable beat in die pal- 
lets, I would advise the working part to be at least one inchmtbck- 
ness ; and that the activity of the main weight may not be cuifaed by 
the sluggishness of the swing-wheel, I would not allow it above 30 
teeth ; so that allowing about half an inch to a tooth, it will be about 
five inches diameter. As to the 'scapement, I would neither make it 
dead, nor with the common recoil with planes, but with curved pal- 
lets, so that the extreme of the recoil should be dead, and diifl, I 
think, was somewhat near what father Hindley ultimately came into. 
6/^, According to the above, the swing-wheel will go round onoeia 
two minutes ; and if in other two wheels the turns be taken, 6x6 
will make the minute wheel go round in an hour; and if this ii 
driven 8 turns by the barrel wheel, the barrel will come out 9 incliBB 
diameter ; or if 7 turns near upon 8 inches, which perhaps may be 
more commodious, on account of winding up easy, without any pur* 
chase but a common handle, this will give you coarse pitches, with 
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Lumbered pinioiiB, and keep the wheels of very moderate sizes ; 
jB you will have but 24 turns of Ihe barrel in one case, and ST^ths 
» the other, this will give jou an inch to a cord, and keep the 

of very moderate length; nobody will confide in the strength 
«jr work, or the strengdi of your cord, if hut one-third of an 
B diameter ; and in public works appearances are to be regard* 
[f the angles of the minute spindle are considenUe, I shouU 

fHieels to the universal joint Be very careful to make the 

of the dial work fit as close as possible, otherwise I think the 

inl 'agitation of the wind will produce too much wear in thai 

Sih^ Respecting the dial work, I would not only balance the 

veij nicely as to weight outside, but also observe to propor- 
ha quantify of surface in proportion to the distance from the 
If so diat the jiower of the tomd shall be in equal balance both 
rays and edgeways; the balancing parts being painted black 
Uack ground, will either not be seen or not regarded. I would 
acock socket, but let the hour hand ^be hung upon a socket 
8 feet length, bored truly, and the minute spindle tumed« 
nicely fitted thereto ; this will throw the wheel work so fiur fifom 
koe that a man can get between, and oil the outward bearing of 
koar hand ; and, if thought necessary, a cap can be contrived to 
oi; the long socket can be made to admit oil to the spindle 
1^ fairies in the socket 7<Aly, I would conduct the striking 
Upon die same principle; but as you will be obliged to strike 
I die second wheel, I would take as many blows as convenient 
» time of it, (sui^pose 8) in order to get an high numbered 
o, which, I think, is here material; and then 6i turns will 
[ you about to the same calculation in respect to the barrel as 
MUeh part I would not, to save a running wheel, have the fly 
large diameter, and would make it as heavy as possiUe, so as 
fa offend the ear, by too sensible a difference in the pauses be» 
n the 1st and 2d, and that between the 2d and 8d, and subs^ 
I blows; the advantage of this towards continuing the motioD 
as little loss of power as possible is obvious. 8tt, In respect to 
inioos, I would make them either in the compound way of Mr. 
Bey, or cut out of the solid, as they come cheapest If made 
on, they are sufiiciently lasting, if well figured, nor would I be 
ly cost to render my work perpetual^ for you see clocks may be 
)d^ as well as worn out. Brass wheels I think very sufficient* 

a allinion to tho Qreenwich Hospital clock, which was so, in comaquenee of a 
if ths bmlding being burned 2d January, 1799. 
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nor would I use any bell metui, except for bushk^ dn 
and verge pivot bolea. I would coiitonl myscif with making 
subetantial piece of work, atroitg and able to go through its 
without complaining. I am, &«■ J. S. — P. S. Respectiog (be h^^' 
cessQiy weight of the hammer, and heighl to which it should he nisc<i^ • 
1 believe friend Ludlam will be your best adviser. I speak in pa«iUi>e I 
[enriH, to avoid unnecessary worda, but I dorrt expect you to lako tay i 
thing from me on this subject thai is contmry lo your own judgmenL I 
have aeen much trouble taken to do harm which I would witih yoa to 



' Rev. fViltutm Ludiam, ProJ'aior of Mathematic) m CamMf* 
Unweniti), U> Mr. J. Holmtt. . 



Dear Sib, July 1, ITTfl. 

i choose to answer foa now, (hough I must do it hastily md Vt- 
pcrfecdy, rather than by delay, to make it of hitle use. 

A turret clock, with a minute hand, is diffieuU to make in w^ 
way so as (o be safe. The snow in winter will freeze in large lumpi 
upon the nunute band, and then the eddy vnnds will wbiak it laoA 
a\erf way. Mr. Hindley had very good reasons for putting ^ 
dial within side of the church at York. It is safer to do with ■" 
hour hand only ; if that may nr>t be, contrive, if possible, lo Biik 
the dial plale within some bold moulding, or place it in any leccf* 
that is proper, shade the hands all you may from the wind, and d" 
not make the kewrl, at end of the minute hand, bigger than necC*' 
siiry, lo be readily lieen. The hands must be balanced wiAin, O*' 
without ; for that odds to the power of the wind, and is unajght^' 
'I'ho dial wheels should be large to resist the force of the wind try 
ing to turn the hand?. The dial wheels cannot bo too large. T^* 
purchase which a long minute hand has over the the teeth of a sm*" 
minute wheel, frequently gives the wind power lo strip the teeth »" 
round. The socket work \s oflcn made of gun barrels ; beware o! 
iron in the socket work of the hands, it is sure lo rasf and set nil 
fast ; and when the scofiblda are struck, perhaps you cannot come it 
the hands. Sometimes it is possible lo make the miti^t of the dill 
|)late take out, so as to come at the hands from within ; when tlus 
can bo done it is very convenient It is a very great advantage to 
lia\'e a 13 foot pendulum ; from many trials, I am sure no short pen- 



SMEATON AND LUBLAM's LETTERS. 433 

duluni mil go well; nothing can make a 9 inch pendulum go as 
vbU as one of three feet, nor ono of 3 feet equal to a 13 feet; 
ihoii^ the advantage of the latter over the second sort, is not quite 
w great as the advantage of the second sort over the first, especially 
vithin doors ; but the advantage of a 13 foot in a turret, or with- 
out doors, over a 3 foot is very great. 1 am of Mr. Hindley's 
mod, 62 feet would be better still. I will endeavor to ex- 
pound the doctrine on which this maxim is founded. 1«/, It is 
desirable that the clock's force on the pendulum ball should be 
but small in comparison of gravity's force ; yet the clock's force 
unut be adequate to all the impediments to the motion of the pendu- 
hiin. 2(/, Both the clock's force and that of the impediments will 
vuy ; but the less the variable part of the clock's force is, to the whole 
of the clock's force inifiresscd on the ball, the better. Compute now 
the force with which the weight acts upon the pendulum rod at a 
given distance from the point of sus])ension ; suppose 6 inches, and 
the proportion of the clock's force there to its force on the ball will 
be, as the length of tlie pendulum to that given distance ; with a long 
pendulum, therefore, you may apply a greater weight to the clock bar- 
rel, (than with a short pendulum) and yet keep the clock's force on 
Ihe ball the same. Now, the greater the weight on the barrel, the 
hn will be the proportion which the variable part of the clock's force 
(•rising from change of friction,) will be to the whole force. The abso- 
hte friction, or absolute variable force, is a Uttle increased by the in- 
cifeue of weight, but the [)roportion of its variations to the whole is 
^^asened. In clocks so exposed and so neglected as turret clocks com- 
■Qonlj are, you must lay on a great weight to drag the clock through 
&ir weather and foul weather, and yet you must not (as Mr« Mudge 
Would say,) make - the auxiliary force too great, or as Harrison (by a 
^^eiy significant metaphor expressed it,) give the clock (that is the 
^ock weight through the uncertain intervention of the wheels,) the 
dominion over the pendulum. From what I have said, you will see 
that the weight of the ball ought to be 50 or 60 pounds. As to shape, 
I think some resistance of thc^ air far from being of disservice ; the 
Wont forms are those whore the matter in the l)all is spread out Hide* 
and distant from the axis of the pendulum rod, and 1 think a globe 
the best form. It is of the utmost consequence to have the axis of 
the rod pass through the centre of gravity of the ball, otherwise the 
action of the clock ^vill generate a rotatory motion of the ball round 
the axb of the pendulum rod, as well as a vibratory motion. This 
13 best guarded against by making tlie ball a sphere. If the ball, by 
any accident, ^ets this rotatorv motion, it will sub* ide sooner in this 
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casdi dm wkM the flMtter of Ifaa btD is flpraad oat aUeirtqa. Vm 
gndffoiiyMMMnnu-ore n. ibm loqpooc mooafHnm imQgfb-- uvfli 
smll difBoiiltjr to datanaitiOBiriiotwajto make the lod; if «C«8i^ 
it win v«7 wMh hoot ud oold; ovoaia tfaii OMoMdiODldriipl^JM-j 
sinj^ bvi biita fiwno. A frame Vks thai (See Flute HZ* J|^l) 
waa oMd faj Eqrre* of Ketlnw. The pinof theenHoiitealiMiiir 
the croaa bar P B at the top. Theaofonlbanof fte'fiaaMWiiaM^ 
edattbejoiniivf. A an^iodi of 18 feet wiB' oMmt he nKfmm km 
very heavy. The ffamed roda of T. Eayie iram B^ani y el ^ft 
whether a wooden rodoouldbe^togetiber in aome amh wajt^Ikaiv 
not I woOldhnTO the tafl orlht^of the cnUch, ateel, and Ini^iH 
be dipt faj two fine aenwa of ataelt alao hard: no diio .be»iBin|«' 
ed. Herelmmt refer yon to pamgi^di M and 87 ofjBfJMVi^ 
mical Obeerrationa; I preferfeiito the joinledcmldi oT-Mft Al- 
ley in email cloohet and mueh more in tmset dooke. If yin4ifc 
the hardened Bteel parti will niati yon may aet an egaJWi gwwAiaUH 
panJIel aidea, fer die acrewa to bear againat The ferae •^#ia>r^M 
haaaatroiv tendeneyto twiat Ifae jointad orateh of lb. HUP^pf «! 
the parte of it, from dwir ehape* have veiy litde tBadawsyc la aiBit 
that twiet* There la diflieidly in pnividmg a pnper apiam^/iii 
springs are need to |vevent the twisting <^die rod; baft naHM 
springs can be made so alike in temper and thickneaa as to bendtf* 
actly alike. If a single spring is used, care should be taken dni it 
be not thicker on the one edge than the other. I think a spm^ ftr i 
13 foot pendulum should be about i inch' broad, by about 8 nekoi 
in the working part; should be pinched veiy tight in the peadiAHn 
rod, and also very tight in the cock ; in both cases between pnti or 
checks filed perfectly flat. And the cock, if it can be, should be soev- 
ed or bolted to a rock as big as the Hospital ; by no means te wkit 
is loose or weak, or liable to warp or twist with the change of weatbv* 
Provision should be made to catch the pendulum in caae the 8/0^ 
should break. See my Observations, par. 89. As to 'scapement, ^ 
all means make it to retreat I have four clocks in the houses— diiB 
with dead seconds, one retreat ; none of them keep time, feir or SbA 
like the last This kind of 'scapement gages the pendulum, the i/fi 
seconds leaves it at liberty. The church clock of Sheffield was miiB 
dead seconds, the pendulum 13 feet When the woik was woA 
smooth, the pendulum increased its swing a foot on each aide. Htf- 
risen rejects the dead seconds in all cases with the utmost indig* 
nation ; but it does the worst in clocks exposed to weedier. Tin 
common 'scapement, taking in seven teeth, (the whole nunte 
being 30) is a good one; but the face of the leading palkl 
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should not be a plane, but be rounded off, whilst the face of the 
driving pallet is an exact plane, and then the retreat on each pallet 
may be made equal. In these pallets, the tooth does not escape till 
the pendulum has ascended 3 degrees ; of course a great weight is re- 
quired. Tou may make a very good 'scapement by making the pal- 
lets take over 10 teeth, and the pendulum to escape at H degree. 
In diis case, half the former weight will have an equal force on the 
poodulum baU, when all other circumstances are the same. I have 
sent a drawing of this, with the construction according to my book, 
par. 184, and have just set out a laige clock for a gentleman's kitchen 
on this construction. It is also executed by a workman here. See 
Fig. 1, Plate XIX. The greater fall you can obtain for your weight, 
Ae better, and especially the more turns you can allow for your first 
wheel, and the lighter you can (in consequence,) make the weight 
If you have many turns of the line on the barrel, you may want 
length for the barrel. Two ways are used for this. One, ii^chis 
cafled a double frame, the lower part of the frame wider than the 
upper part See Fig. 2. The one frame behind the other. The 
arbor of the great wheel comes through the first frame, and has a square 
like as for a winding key, but on this square is put the ratch-wheel ; the 
end of the square is hollow, and receives the pivot of the barrel arbor, 
and admits the barrel head to bear against the ratch-wheel, and the 
barrel head carries the cUck. The other end of the barrel arbor goes 
through the second frame, and has a square for the winding key. I like 
this the best, Fig. 3. Donnisthorpe, of Birmingham, (the best maker 
of chivch clocks I know,) made an excellent clock for Deritend chapel 
in Birmingham, in this manner. That man and his affairs are strange- 
ly disordered ; if he could be set right he would be a most useful 
hand. I suppose you know that it is of consequence on which side of 
the barrel the line comes down, especiaUy if the barrel be large. Let B 
be the barrel, &c. For what is nmilar to this part of Mr. Ijwttam^9 
UUeTf see page 403, and Diagram, Plate XIV. 

I think I have now done with the watch part It is oflen very advis- 
able to have the watch part and striking part in separate frames, espe- 
cia% if there be quarters. That the striking may be regularly discharg- 
ed without fail, you know by the example of the York clock. A very 
large frame is seldom strong. Two smaUer frames are in many cases 
both cheaper and stronger, and the strength of the framing is much 
increased by diagonal braces or crosses in Mr. Smeaton's manner. 
This is far preferable to the depending on the shoulders of the tenors 
only. It is a good method to make the hammer heavy, but to let 
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Ihewei^t in b grati measure rest on ihe joint |un or ■ 
it ((he htininier,] turns. Mr. llindliiy dii] so Rt Ynrk : liy this mi^wi^ 
the weight to be raised by the clock is not too uiiicli j the quantity o^ 
matter in (he hammer-head considerable, and the lilow ie made eo alon^ 
and leisurely, thai time is given lo waken ihorougbly a large bell. 

In large work there should alwayB \m a double locking, to Mr-. 
Hindley's manner. The principal locking <lt?lent should be strong, 
the locking piece hear it down with a good force, while an hook holds 
it up, which hook is rmnoved in order to net the clock a striking. Th« 
clock at Derilond, in Bii'mingham, is in this way.* J do not think 
iho repealing way no safe as the locking plate, carried on by a [union. 
The worst is where the locking jilnto bulh 7(4 ralch Iceth, am! is cMnivd 
on by a pallet I have knuwii it fail Uu-ougli foiilnes.i of (he wodc 
Clocks of this sort should go lair or foul. 

There are great diversilies in making the pinions. The t&nlein 
pinion in parts, aAer Mr. Hindley's fashion, is troublesame li> nalh. 
I have seen them put on an arbor tiled into 6 sidoH, and followed bji 
screw: bill the screw is very apt to «/, that is lo bend the arbor whn 
it is forced up ; sometimee the pinions ore put on a Hquaru and ptnned, 
sometimes made out of the solid, nometimos all steel, somclimcii inn 
case-hardened. W. L 

P. S. I have seen tuirot clocks, where many handt) and mud 
londhas heen on the dial work, havo a barrel and weight to k«cp Ibe 
hands pressing forward wilh great fon^e. which weight was wound op 
wlicn the clock weight was. It wa^ in circiinis lances where I do 
believe the clock could not have carried forward the great lowl f^ 
dial work. I cannot see the disudvanlage of three wheels more ihan 
two, so much as you seem to account il. In the watch part, let the 
wheels and pinions be of a large diameter, well toothed, sized, nod 
pitched, (yet the wheels light,) the pivots rather small, the ftanie slifft 
and nol encumbered witli the running of the wheels in the striking porti 
(especially if quarters,) a frame behind, if you want length of bart*Ii 
and then 3 wheels will not hurt. By all means make the pcndnl""' 
rod of wood. It may be flat, two, or even three iuches brood, snd ont 
thick. The regulating ball may be above the fixed ball in two putt, 
and pinch the flat between the parts, and slide up and down. The rcpi' 
lating ball will have the moat effect when in the middle. Se6 my book, 
par. 166. 

* In thin caea llie pin that nisct the detrnt miK^l both mux' it, iin<l bImi put >> 
m Iho lime of making lljGlaal i^trokp. Whtn the dMcnt j* raiaed, Iho hmit wiH 
ralch and iiuld it up, bol iinlca? Ihppin psssoa Iho distent, il Cuinol drop doM 
aj;ain when the hook is removed for 8triking>. 
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Fivm the Rev, William Ludlanu io Mr, Holmes, 

30/A Aug, 1779. 
^hen I proposed to balance the hands from i^'ithin, I did it only 
V» lessen the surtacc on which the wind acts, and its influence on the 
hands. Mr. Smeaton very judiciously proposes to make the action 
<^ the wind balance itself, and so have no effect to turn the hands 
found. Nor did I consider the danger of the hands getting loose 
on the square by their own weight, nor their tendency to twist the rod. 
I come over entirely to your opinion of balancing the hands with- 
out, and think Mr. Snicaton's proposal should by all means be adopt- 
ed. The long socket pr(»poscd by Mr. Smeaton, for the arbor of 
the hand, will support the rod, and, by touching all the way, there 
will be no danger of galling or biting ; but then the metal in con- 
tact should not be iron against iron ; they will rust and set fiist ; 
what think you of brasn against bell-metal of a proper composition 
that is not too hard 1 You must, in this case, by all means, cut asun- 
der the rod as soon as it comes out of the socket, and join the parts 
with Hooke's joint. Indeed such a joint is necessary, in whatever 
way you proceed ; without it, if the clock-frame settles, or the build- 
ing warps, the hands will be set fast ; nor can the dial-plate, and the 
socket spoken of, be set so true to the work in the clock-frame, as 
that all shall be free. This allowing the rod to bend in that place, 
the two parts of the rod making a very obtuse angle, remedies all 
this danger. I speak here of the long rod coming from the clock- 
frame, and carrying the minute hand, or the rod conducting the mi- 
nute hand ; for you speak of this rod as turning round in an hour and 
^ half. I suppose you will adopt the toothed rim of the contrate wheels, 
Xiiot at right angles to their planes, but making an angle of 136 degrees, 
(the supplement of 45^ to 180^-) as in Fig. 1. Plate XYIII. These 
«ort of contrate wheels tooth together far more kindly than the com- 
mon sort, (as in watches) when the two wheels arc of a size. Where 
the contrate wheel turns a pinion, and only one or two leaves of that 
pinion at a time are engaged in the teeth of the contrate wheel, then 
the common way, as in watches, does very well. The* danger and 
mischief of the parts of a machine biting or galling each other is yery 
great, especially when the; ])ar(s bear with great force on each other ; 
■nd, with respect to the b wing-wheel, it should be ^ths of an inch broad 
it the webb. Old Harrison made the swing- wheel of the clock be- 
longing to Trinity College, in Cambridge, as much or more ; but the 
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webb was but about -,\th of an inch thick (when seen flatwise.) He 
also gave a very odd shape to the teeth of the wheel, Fig. 2, in order 
that the teeth might roll upon the pallets and not slide ; because, \j 
rolling, they would tear up (and that with a piux^hase) any matter 
that might glue the teeth and pallet together, and also to make tlie 
retreat equal on each tooth ; see my quarto book, Art 197. Tk 
pallet frame was brass, the pallets steel, and screwed in as yoa 
see. That part of the pallet frame of a light colour, is about i 
inch thick, the end that holds the pallets full ^ths. Pray, show Mr. 
Kendall this curiosity. I am confident (with Mr. Smeaton's letre] 
that you cannot make a church-clock go so well with a 3 feet peodo* 
lum as with one of 13 feet ; for you cannot lay that force iqxm t» 
wheels necessary for foul-weather-work, and the neglect of the paiiA 
sexton, and yet keep a sufficient dominion of the pendulum over 
the wheels, unless it be much more than 3 feet ; because the force d 
the swing- wheel upon the ball, (supposing the fashion of the escape- 
ment the same, that is the pallets and swing-wheel similar) is <fiiiii- 
nished in proportion of the length of the longer pendulum to Ae 
length of the shorter. I had not computed the swing of the pendo- 
lum when I wrote. The chord of 3 degrees on a radius of 39.2 is 
2.05 inches, and on a radius of 13 CeeU 0.8 inches, is only 8.2, so 
that if you take the common escapement, and drop oif at three de- 
grees, and swing 4 or 4} degrees, the pendulum will not have too 
much motion. I perfectly agree with Mr. Smeaton in desiring the 
pendulum should move 20 inches or near for the escapement, and have 
room for 20 inches more for vibration. The cycloidal cheeks are not 
of great use, as cycloids ; but in large clocks they govern the spring, 
prevent it from bending irregularly or suddenly in weak places, which 
often occasions it to break in those places. Fig. 3. are the cheeks of 
Trinity College clock, Cambridge. The pendulum is 6 feet 4 inches 
long, escapes at 4.6 inches, or 3° 24'. Whether Harrison's cycloidal 
cheeks are brass or iron, I forget, but I think brass, very thick and 
strong, and very firmly fixed, and I believe their form circular, from a 
radius of five inches. In some instances he used a circle of four inches 
radius. By all means make provision to catch the pendulum, if the 
spring should break. I agree with Mr. Smeaton, that a cylindrical 
rod of 2 inches diameter, or more, is preferable to any framed one. 
If you suspend the weight by a single line, the rope will untirist, 
if by a double line and pulley, as in an eight-day clock, the force rf 
twisting in the line will of^en twist the two lines together into 
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one ; especially when the weigh! has descended a great distance 
firom the tqiper works, from whence the lines corce down. In 
these cases I have put an arm to the weight, with a wheel at the 
end ; which wheel, by the twisting of the line, bears against a smooth 
wmlly and so stop the twisting. Consider of this. At all adven- 
tures, it will be proper to put somewhat to receive the weight if 
it flliould falL Nothing better than a great stone upon a wool-sack. 
Feriiaps Dr. Hooke's rope and arm had better be employed to guide 
the weight to the wool-sack, than to catch it I am afraid the sudden 
jerk wodd break the safety-rope, and toss the weight to a great dis- 
tance. If the weight be stone or cast iron, the stone at the bottom' 
ahould have a bed of sand upon it ; or rather you should substitute a 
box of sand instead of the stone. If stone dash against stone, or 
•gainst cast iron, it will certainly ily into fragments, and that may be 
mischievous. Malt dust is very elastic, and yet solid ; but will not 
the mice eat it? Is saw-dust not better? In the following figures, 
neither the proportion nor the arrangement of the parts is regarded. 
The drawings are intended to show only the manner in which they 
act on each other. The arrows in the wheels show which way they 
torn. Fig. 4. is the manner of locking and unlocking the great clock 
at York. A is the count- wheel which determines the number of- 
strokeSf and goes once round in 78 strokes. (La Roue de compie.) 
3 is the detent wheel which goes once round in one stroke. (La 
Rou ^Etoteau.) D is the detent — d is the locking piece riveted 
or screwed to the detent ; e Ls a like piece screwed to the webb of 
the wheel B. The surface where these two meet is sloped pretty 
much, and the wheel pressing with great force, (by reason of the 
weight required to raise the hammer,) the detent D is pressed 
downward with so great a force, that the watch-part would not have 
tame sufficient to raise it up, as is done in common ; and were the 
slope of the parts d and a lessened, or were they square, the force of the 
wlieel B might drive the detent upwards, and the clock not lock safe. 
H is an hook (U crochet) which holds up the detent when raised ; the 
end of the detent D, which presses on the hook, presses (in the York 
clock) with but about the fourth of its force at d ; the bearing parts 
are neariy square, and the hooks easily drawn back. K is the arm 
of the hook. L is the great loaded lever raised by the clock ; hav- 
ing a weight at the end of the longer arm, and a nag's head N, at 
the end of the shorter arm, which, in lifting, passes the end K of the 
arm of the hook, and gets underneath it (as here drawn). The work 
is then charged, or, on the warning, when the lever is let go, it raisea 
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the book, but the tail K an<l iho naf^'n hGHCI pnit niniiHltv- atu 
opposite to ]', and the hook relumi* to its proper position of met In 
lija meantime the detent D (lro]>9 ilowr, the piece d l)>il« b«lnw t, 
the clock strikflH. At the last blow, a jiiii ij, in the couitl-irhcol, bj« 
hull] of the taloD, or nib of the other urni F of the detent, imm 
the arm D, anil the hook H being now niiuly lo receive it, gives vmf 
Id let it pass, aiiil thcQ hooks it up, »a Ihiit the piece e meela die 
piece d, and tho dock in locked up. Bill the pin ^ must boUi nise 
the detent lo the lull huighl of the hook, and also pass ihe nib F in 
tho time of the Iwt blow ; for, if the pin if is not clear of F, the dvtmt 
cminot drop at the next hour. 

This work can never mias, if the nag's henti N (It pial dt Bidu),* 
does not slick* and its spring be aiiflicieut l» return to iu plac«. L^ 
vcring or cod-woi^ng the hook from under the detent, (by tho 
purchase of the weight iit the end uf the luver) is a cooler motion, 
und far mors cerliuD ibaii jvggitiii it oil' hy a pt-iiilitluiu, which haDg> 
cloiie to the hook. Thia pendulum ■.■< dniwn back by the clock, mi 
boing let go, presses beyond iU plncii ul' rest, givc.t the hook a blow, 
or a jog on the elbow, and ao knockn it off its bold. If the Uow b 
weak, it may not jog it off; If the pendulum is drawn n great WKy,it 
may cootinuo its vibrations and jog it olT a second time, and, at dm 
short hour of one, may discharge Ibo clock again. Wheu Iliif piece 
goc8 by a spring, it is called a flirt (le deliul A Jmntl), Whether 
yi>u use a loaded lever, or o jogging pendulum, you have Ihe wbob 
hour to do it in, (but of this more hereafter). Mr. Hindley had but 
II t|uarter of an hour, (fur ihe (|u!trter jiart was discharged by tba 
vvulch part), and therefore he wna obliged to employ every minuie rf 
lime. Fig. 5. is a repeating part having thia properly, that it is di»- 
rhiirged without hfUng ugaimtt the striking weight of Ihe clocL it 
the last blow the rock raises ihe arm I, of the detent, by which mean) 
the striking is Hlopped. At discharging, one arm of the lifting piece 
1 1 gets under Ihe arm K of tho detent, so that when the (it erotM) 
^'itlicring piece G is titled out of ihe rack C, the detent cannot fiill 
although the rack falls. This makes warning. When the lUBn! 
piece falls back, the clock strikes. But observe : The ends of the pi* 
cos, K and H, must bo so formed, that if the striking weight shouidke 
down in striking, and the arm K be fallen, that then tlic litling piocaH 

■ ir ■joint IB uf eu?h II sort, iluL tho twoparls, wtian in their constant and Kf 
iilnrpoulioD, m*ka m-arljp u Hghl liiip, 1 would then (rdl ilB deec'a Toot joint, pid 
'If Biehr. When those parls, il the rc^ilar poailian, make an obtuse aeglt, nrh 
■db. Ihe ticid of an honie. 1 wniild then call it s naf't head joint, ttif it rhnat. 
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ly raise it up, and not stop against it ; for this would stop the watch 
Fig. 6. Plate XIX. is a new way of raising the vertival, (in 
!S*reiich, ia baacule) or arm that raises the hammer. Here the wheel 
onlj 4 pins, A is the vertival in the common way, B is the vep* 
in the new way, 6 is the secti&n the contrary way. This ver- 
'ftival ought to be of such a shnpe as to pass the arbor of the wheel, 
^jKmg^ not so drawn. In both cases, the pin will slide upon the 
In the former case, the quantity of sliding is the sum 
the versed sines of the arch described by the liAing pin, and 
dw arch described by the end of the vertival; in the latter 
), the quantity of sliding is the difference of those two ver- 
aines, and therefore less by double the lesser of those versed 
In the former case, the pin wheel and vertival turn contrary 
In the latter the same way. In the former case, exactness in 
die centres is not necessary; in the latter, a Uttle wearing in 
&eoentre0will much alter the height to which the hammer is raised. 
b dw latter case, the pins should not be round, but flat pieces screw- 
ed to dw wheeL £ven in the case of pins, it is best to make them 
Qttf half round, so that the vertival drops off from an edge. York 
doek it sa Fig. 7. regards the manner of lifting in the watch part 
ibr disduttging the striking part When you lifl by a pin in the 
common way, you can lifl only for half a revolution of the hiting- 
vliedt dMt is in common cases for half an hour. You must there- 
Ion be idle for half an hour, and of necessity you must do an hour's 
dntf in half an hour's time, and therefore, while you do work, must 
twice as hard as is necessary, if you take the whole hour. Be- 
it 18 not proper to have the duty so unequal ; it is best to be 
mi all times nearly equal. Lifl it therefore from a two-hour wheel, 
'Vradi two pins ; but if you lift in common with the lever A, Fig. 7, 
.you cannot with two pins lift the whole hour, or through an entire 
w e mi cirole ; but in the new way before mentioned, with the lever B, 
yoa may Ufi through an entire semicircle, or for the whole hour. If 
tha centre of B could be placed within the circumference of the wheel, 
yoa mi|^ lift for ^ths of a revolution of the wheel or more. What 
been written, are thoughts as they occurred, with Uttle or no re- 
to yours. I will now speak fo yours. Your wheels are of a 
noble size, and the numbers high; but I cannot clearly understand 
jour design. There are 156 strokes of the striking part in 24 hours, 
and 1248 in 8 days. There are 45^ strokes in one turn of the great 
whadt and consequently 27^ turns of the line upon the barrel. But 
the watch part does not correspond to this ; for, suppose you have a 



K^C 
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3 foot pendulum, to which you seem incUned, then your great 

goes round in 4 hours, or 6 times in a day, or 4S in eight dajB ; but 

with a 13 foot pendulum, the great wheel goes once round in 8 homt 

or 24 turns in 8 days, which corresponds well enough. I am ckv 

for a 13 foot pendulum. As to the escapement, the point lias b^ 

tween the common escapement that I sent (where the wheels hne 

double force; and the clock will go with almost half the wei^ no* 

cessary in the common 'scapement) This depends upon ike care in 

keeping the clock, and its being exposed to weather. If neglected 

and suffered to go dry, if the wind, rain, and snow Are let in upoo 

the work, you must have as much weight as may be, but if not, the 

latter escapement will lessen the friction and load on the wheeb ; jil 

I doubt if it will give vibration enough. I perceive your dial-woifc 

goes off from the second wheel, whose period is 90 minutea. Yoir 

contrate wheels must be one larger than the other ; yet make the ifBbb 

where they tooth in form of figure 1. I suppose you will have a 

sliding plate, with one or two setting screws upon the second wfanl,t» 

set the hands occasionally. Take care that this plate may be etdf 

released, and fixed firm, perhaps it turns some other wheel in an biVt 

or which is preferable, two hours and two turns, and the sliding is «i 

this other wheel ; for I cannot see how a wheel turning in H ^ 

can carry the pins that discharge the striking part With regud to 

the hammer, I scarce know what to say, nor indeed have I suffidentlf 

considered whether the duty upon the striking pins is such as will nh 

quire so great a weight as 170 lb. But you must not overload the clock. 

If your beil be a free bell, and willing to s[>cak, a Uttle matter will 

fetch the full tone out of it If stiff and hide bound, do what you 

will, the tone will soon decay, and a wooden bell be as good. 



The best bell, the best peal of bells in the world, are in this 
very town, and yet they never regarded them. They undertook (whit 
is impossible) to cast two bells, one of which should be an Sve and 4tbt 
the other an Sve and 6th, or 12th, to the tenor at St Mary's, Cam- 
bridge, which is D in the modern opera pitch. They did send two 
things they called bells ; but neither ringers, singers, nor the professor 
of music at Cambridge, have been able to determine what note they 
speak ; the general sentiment is, that they speak no note at all. I 
think it a pity to be at great expense and deface the cupola only for a 
temporary station for the clock. Surely for a while they might afiord 
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flAoe-leatber for a man to go and wind it up twice a-week. Ezcuae 
mj writing in this rambling and desultory manner. To keep method 
and order, I must make half a dozen of copies. I find one enough ; 
it will serve to suggest and bring all things to your mind, so that no- 
tUog may fidl out, but what you have considered, and that is all I pre- 
teod to do. — ^I am yours, 

William Ludlam. 



The Rev. IViUiam Ludlam to Mr. J. Hohnea. 

Dear Sir, llth September, 1779. 

Wlien I wrote to you about a fortnight ago, I was just going a 
jouraey* Two things have occurred since, which I send you poet^ 
paidf to balance your franks. I am always entertained and obliged 
lo joa for aoc<Nmts of mechanical undertakings ; pray regard not the 
poaliige» nor, if it gives you trouble, seek for franks. I think your 
gmt dock should be kept going while winding it up ; not merely to 
fntonk loM of time, but to prevent the swing wheel from going back- 
vnrdE, throng the friction of the barrel; and the consequent dan- 
ger of the pallets pitching upon the points of the teeth. The com- 
BKW wmjr, with a driver and shutter before the square, may do very 
ivelL The other two ways, one by a spring, the other by a pinion, 
fcc* between the barrel and great wheel, you know very well. In- 
of steel, you might have agate pallets ; they may bo set in, or 
in a brass frame, many ways. Harrison, you know, used 
fliBmoiid pallets. Mudge, in an eight-day clock, applied pallets made 
of flint ; but agate is harder, is not a stone of great value, and is 
flo hard but it may be easily wrought into a proper form, and 
, — Yours, &c. 

William Ludlam. 



JIfr. J. Hoimea to the Rev. H^iiHam lAidiam. 

Sir, London^ \7ih JIuguM, 1779. 

I redly canH find words sufiicient to express my grateful thanks 

to jroa for your very kind letter of the 1st of last month ; you have 

eommuiHcated to me so many useful and ingenious things, 

if I do not avail myself sufficiently of them in the Greenwich 

Hoopital cfock, k will lie my own fault I beg you will accept of 
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my most sincere thanks for this very great and obliging fiivor« tvUeh 
I should not have been so long of transmitting to yon, but tfaftl ssp^ 
ral things intervened, which I hope will plead my excuse. Mr. 
Smeaton had wrote me word, af^r I had wrote to you* He W 
thought very much on the subjecL I was willing, therefore, of ie> 
ceiving his ideas before I made up my own mind, which he obKgiD^ 
ly gave me in a full sheet It turned out also that his business wv 
likely to bring him to town, which it did, and he went with me to 
see the place, and only lefl us last week. I have the pleasure to in- 
form you, that in almost all the great points, your ideas and )m 
agreed. He read your letter with great pleasure, and found sevml 
ingenious things entirely new to him ; he begged his best C€iii|Ji- 
ments to you and family. Having taken up so much of your tine 
with this preamble, I shall now beg leave to mention some part of 
your letter,' as also Mr. S.'s and what passed in conversatioii, and to 
beg your farther assistance in some matters yet unsettled* The ckxk 
movement is in great forwardness, and I will annex to this the bhb- 
bers and sizes of the wheels. I think you will smile wben you M I 
have got 4 wheels into the train of the watch part; but this um 
from necessity ; the clock stands very much above the dials, iWi 
are opposite to each other ; so that if the rods to the dial-woik kid 
been carried by a wheel, to go round in an hour, the contrate wfae^ 
must have been very small ; I have therefore chose that wheel to go 
round in an hour and a half. I have adopted the double frame, after 
Mr. Hindley's, most of which is cast-iron, as also his pinions with 
the leaves let in ; and, as far as I could prevail, (for I must woii with 
other person's tools,) I shall have all the wheels and bearing puts 
considerably larger than common. Here Mr. S. carries the matter so 
far ELS to wish the swing-wheel one inch thick ; the inconveniency arising 
from the change of tenacity of oil, he thinks of little consequeocCi 
compared with the danger of the parts biting one another ; of this he 
is so much atraid in his practice, that in a new mill-wheel we have put 
in at Deptford water-works, our gudgeons arc above 8 inches, and thoec 
of our old wheel only 2^ inches ; the large one wears perfectly smooth, 
and keeps its oily matter ; wheteas the small one, having so few bear- 
ing parts, presses out the oily matter, and is constantly getting diji 
and wearing into rings. I shall take care, however, to keep my 
wheels as light as 1 can, by arming the crosses diagonally from the 
teeth to the bottom, so that they may have sufficient strength to 
support them. I now beg leave to come to your letter, and I hope 
you will excuse me, when I take the freedom of differing from yoo» 
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wluchf unluckily, will be in the first part of it, where jou pro- 
the hands to be balanced within ; now, in this case, the mmute 
is very liable to get loose on its square, as it will always be 
dn^gging, and it will be necessary to give it a large square to pre- 

nothing 



Ikitt oppogjte side to take ofi* that force, whereas a balance on the 
Otttaide will in part prevent it St. Paul's clock used to have no 
outward balance to the hand, so that when the hand got a little past 
12, it would fiill a minute or two at a time ; it has been lately at- 
tend, and there is now to the minute hand, on the opposite end, a 
nnnd ball, at about one-third of the length of the minute hand. Bfr. 
8* proposes that the balance to the minute hand should be made as 
dttck as it conveniently can, so, that it may present to the wind, 
when il blows parallel to the dial, near as much sur&ce as the hand 
itself: He also proposes that the arbor of it ahouU be fitted into a 
wilMxned socket, and touch all the length, and that this socket 
ihonld have holes in it, at convenient distances, to put in the ofl. If 
you widi to read his letter, I will send you a copy of it ; but part of 
das proposal was in conversation. Mr. S.'s ideas are the same as 
jourBf for the pendulum ball to be a sphere, and the 'scapement a 
lelreat; but he thinks a short pendulum might be made to go 
weU* by giving it an equal dominion over the main force ; the prin- 
cipal part he difiers in, is its vibration; if I calculated right, the 
'scapement you have favored me with, which 'scapes at 1^, will 
only move a 13 foot pendulum ball from 'scapement to 'scapement 
7.8 inches, whereas he seems to wish it to go to the extent of 20 inch- 
esv and room for 20 inches more of vibrations, and thinks the cycloi- 
dd diflference will be small, compared with the advantage arising from 
the great dominion such a pendulum would have; for my own partp 
I am wishful of being in the mean, and think the common 'scapement 
may periiaps be best ; but of this, I am vary desirous of your further 
eyinion. He likes very much Mr. .£ayre's frame for the rod, but 
thinks a cylindrical rod of about 2 inches diameter would be more 
likely to keep straight than any framed one. The full explanation 
you have favored me with, of the necessity of the pendulum having 
a great dominion over the main force, was so strongly impressed upon 
me* by your very sensible though short publication, after Mr. Har- 
rison's communication, that I have made every use of it my practice 
would allow, and I now thank you for being more particular on that 
subject Your observations on the lines drawing on that side next 
the pinion, though so ingenious and obvious when told, were entirely 
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nev'lo ootn Kir. S. and myself; bull shall tire you i 
your observations ; will therefore aonin thank you for them, and pro- 
ceed In ihose 1 wish more purtictilariy cxjilaiiied. Your reasons for 
the bell being struck by a heavy hammer resting on ila joint, are bo 
cnncluuve, that I only wish I could adopt thai matter to your par- 
ticular ideas of this cose; our bell m nearly 12 cwL 3 qrs. nnd aw 
utiiioKt fall for single hne 6S feet. I have, therefore, by sketch and 
cnlculatiani endeavored fo ceme at how this matter will stand fa the 
iibilitiea of the clock. Su[ipoge a hammer 30lb., and tliat the eeoire 
of gravity of it is placed one foot from ila joint, on an arm elevati^d 46", 
that this hiuniner is drawn 5.7 inches, rising 3 inches perpendicular, 
it will reijuire a weight of 170 lb. to be a balance lo it, or the same 
hummer elevated 50*^ to lie drawn 3.S4 inches, rising 2 inches per- 
pendicular, a weight 113 lb. : now, ns the weight must be coDHideiality 
larger to put all in motion, I am much aiVaid tho lirst of tbese wiH 
ija too much for tho clock : faow far the second will fetch the full tone 
out of the bell, I am no judge, and will therefore be ]iarticularly 
obliged by your opinion, not on my sketch, but on any yon think wSl 
lie best Mr. Thwaitos says, he thinks a hammer of IS lb, lilted 4 
inches, will do, and the weight 1 cwL 1 qr. ; but I have had do oppoi^ 
Iniiity of seeing him since 1 had his letter, and do not know whelbet 
lie means 4 inches perpendicular, but believe he means drawn 4 
inches. Having mentioned the fall fiS leet, I will Ijep leave to pve 
vou the particulurs and my ideas of the mailer. The tlot'k is intend- 
mi lo Im put up in dn new citpota, and a convenient place to be Uil 
for it ; tat till Aat ia dooe, it ta lo be placed in the present ci|Mllt| 
near over Q» painted hall : here it will stand between the imnr oS 
outward dsme ; the lines must conM through the painted rooT of fte 
inner oap(^ and proceed down the side of a cylindrtce] port mdir, 
and so b6 carried into the comer, where there is a very convetileM 
place for the we i g ^ to fall ; btrt we can't get the 66 feet witboal vH^ 
ting throM^ about 3 feet of (I believe) stone woHc, fat the m^lb 
to pass flutHigh, bat 1 think can get about 46 feet wi^wnt it I 
should pever have ventured to have proposed dns |dace, Attring 
these linea would be too mudi an eye-sore m An buildiiig ; lof (•&■ 
ginal intaotioa vas to have proposed Ihe weights to have beCn witti 
the two' cnpelas, where ire can get near 18 leet, and lAould 4m 
have propoaed Ibe r^k being wound while in dus place twice a- w est; 
but I food ttia :idea wooM not {dease, and tUs fh£B was nmrtiDBed 
to me. Iteweinm eousahed Mr. S., and 1>eing widifid of anidi^ 
this defenatjij profeaed stin to keep d>e wei^ h e C w eo n Ibe M- 
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polaSf and to put the axis in peritrochio to each ; if so, Mr. S. 

proposed to lay under the weight a large flat stone, well bedded in 

cnme springy matter, to catch the weight, if it falls; and I should 

«d80 add Dr. Hooke's rope and ami to the weight ; but I believe the 

^[reat weight this will require will frighten me, for people are fre* 

<<|iienlly under it, and the inner roof is but slight ; therefore think I 

jbUI content myself with such part of the 46 feet as will be neces- 

^njt and put a double line to it at ' lirst There is only one part I 

mrill &rther trouble you about Mr. S. nor myself can't remember 

ivhat was Mr. Hindley's double locking you mention ; your dcscrip- 

tkMi of it would therefore be very serviceable to me. I must now beg 

pardon for this long letter. I shall esteem any observations you 

ple aao to make, a singular favor, and shall be particularly obliged 

to you toft your further instructions on the three following heads, — 

Ike 'acapement and pendulum, the honuner, and double locking. — ^I 

am* Sift with the greatest deference and respect, &c 

J. H0LM£S. 



From Mr. John Holmes to the Rtv, fV, LduUam. 

Deawl Sir* London^ Ibih September ^ 1779. 

I raoeiyed your (avors of the 28th of last month and 11th of tbia* 
and for which I return you my most sincere thanks. I am very 
•Qfiy you should think of paying the postage of your last letters ; thia 
aflbir is wholly mine. Your reading my letters is doing me a great 
bvoft and every line you write a singular service ; your letters are 
80 fiill, your drawings and descriptions so clear, that I have now lit- 
tk to trouble you with ; but iirst, I will endeavor to set some mat- 
ters dear, that I have been short or mistaken in my last letter. My 
intentioii, from the first, was to have a 13 foot pendulum ; I had ne- 
ver any intention of a shorter ; and, in consequence of this, the clock 
is raised about 16 or 18 feet above the dials ; the two rods therefore 
ooniing down from the clock to the two dials, make an angle of 
naar 80 degrees to one anodier, and these two rods have each 
a contrate wheel with teeth standing in the manner you de* 
scribot both which are turned by a contrate wheel in the clock ; we 
fiMind it necessary to enlarge the contrate wheel in the clock, other- 
wise these two wheels would have been very small ; this, therefore* 
waa the reason why the contrate wheel in the clock goes round in an 
hour and a half; but these two wheels being i^s of the size of the 
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conlr&te wheel in the clock, will now run free of one anotiber. be ■ 
i;uod size, and go round in an hour each, and, as these roda are loQf« 
I propose a Hooke'e joint lo each : at the bottom of each of these 
rods will be another contnite whoel, toothed to Ihe proper angle, and 
which will turn others to carry the hands. Had I been aci]UHinted 
with the whole you favored me with In your letter of the 28lh 
last, I would undoubtedly have endeavored to make the second 
wheel in the clock, on which the contrate wheel is, go round in two 
hours instead of an hour and a half, it would have saved ub a wbed. 
which must be to set the hands by and unlock the clock ; lhi« wlwel 
I intend to go round in two houre, and lift the lit^g piece in die 
judicious manner you describe, bearing its load the whole hour; u 
this wheel is out of the train, il w^ll be a smalt burthen to the clock. 
The pallet fnune jtju describe has been long used by Thwaites, 1 
believe, ever since he made a clock, under Harrison's directions, for 
Ihe Foundling Hospttnl. I had some thoughts of agate pallets, but 
found they would be an extra charge of three guineas, and, as 1 uv- 
dertook to make this clock ror£120, a moderate price for a guod 
one in the common way, I think it needless to lay out a tburthor 
fiAh part of my profit in diem, and especially, aa I propose lo pn 
more Tibration to the pendulum than common, I am desirous oftrr- 
ing steel pallets first, and can add agate ones alierwards. The un- 
locking you have lavored me with is so very safe, that 1 propose to 
use it, also the manner ol' drawing the hammer, which is greatly euti 
ol' the friction in the common way ; this I find is in a clock msidc br 
Thw^tcs, under directions of the late Mr. Elhcolt, for the Loodun 
HospiuJ. Nothing perplexes me so much as the bell ; 



The case at present stands thus : he baa grU a bdl bj 
him, weight 12 cwi. 3 <]rs. 31 lb. 2^ inches in the sound bom, uli 
I think about 3 teet and a half diameter, which be sa_r» is a voy 
sood belk Hr. tireen, who succeeds the laie Mr. Romihr, the rb&II 
bell-l(HB)der, was so obliging as lo go with me lo bear ii ; he eaj* d 
IF a -nrj good Uwed bell ; be has also another bell of a imrgbt mt< 
and 1 cwt. 3 4)n- lb. heavier ; on striking ttns bd). 1 found a leMC 
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lilow would bring the sound better out, than out of the other, and I was 
infonned it was because the bell was more spread. JThis struck ine, and 
«n conversing with some of my friends, I am fully cominced that a bell, 
4UB commonly made for a peal, is not the fittest for a clock to strike on, 
and is what you call a tight bound bell. My ideas, therefore are, that 
if we haye a bell of this weight, it must be larger, or if of this size 
fighter, the bell being then thinner, will be easier put into >'ibration 
by the power of the clock ; the difficulty with me is what directions to 
give. It is a matter we can't easily make experiments on, so far as I 
can judge ; if the same sized bell had 2cwt. or 3cwt. less metal in 
it, the blow the clock will strike would be much better spread. 
AbOt that the same effect would be, if the boll was to be enlarged in 
that proportion, and have the same weight as this has. I will be 
extremely obliged to you for your opinion on this matter, before I 
speak again to the founder. I am well aware, if a bell is made in 
die manner I propose, it would pitch much farther ; but I see no 
objection to this ; all that we want is, to have a bell that will be best 
heard with the blow we can give. The way I calculated in my last 
letteTi the weight of the clock, was by multiplying the weight of the 
hammer, by its perpendicular rise, and that by the number of blows 
in 8 days, the product of this multiplication, I divided by the &1! 
which pves the weight that will be a balance to the hammer. Two 
things I have been informed of, the first of which I think will be of 
nae, and the last, if not, can do no harm, viz. that by hammering, 
hardening, and smoothing the face of the hammer, and filing the pait 
of the bell where it is stnick on, we shall bring out a better tone at 
fint than otherwise we should, if we led these in the rough. As I 
am informed, the oflener a bell is struck, the better it is heard, owing 
to the touching parts getting smoother and harder. The other, that 
if the hammer head is navious and thin, and very long, it will strike 
a better blow than if spread inr breadth or thickness : how far this 
may be the case, I can't guess. One would think the same matter, 
with the same fall, would produce the same effect ; there may be some- 
thing in the matter laying behind the touching part, and pressing 
more directly upon it. Several trades, as caulkers, pewterers, &c. use 
very long hammer heads, perhaps for this reason. I shall now conclude 
with my sincerest thanks for your very great and kind assistance in this 
matter ; you have not only done me the most essential service, but giv- 
en me the most heartfelt pleasure, in thinking I have in some shape, 
some merit, or you would not have taken so much pains to serve me. If 
yaar time will admit you to give me your opinion about the bell soon, 
pray do. — I am, &c. J. holmei*. 

fi7 
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J%e Aeo. W. Ludiam^ to Mr. John Sokiut. 

Dear Sir, SipL 24, 1779. 

I am sorry that it is not in my power to give jou the infiiniMitiQo 
I wiah relating to beU-foimding. I saw a great deal rf it in the tine 
of the late Mr* Thomas Eayre, of Kettering, a man who had a tne 
taste for it, and spared no expense to make improvements : much of 
the tone depends on minute circumstances in the shape; and Mr. 
Eayre had crooks or forms cut on thin boards, carefully, taken bm 
the inside and outside of all the good beUs he could find. Thb coin* 
ty and Northampton abound with the best bells I ever heaidi cnt 
by Hugh Watts, of Leicester, between 1630 and 1640. Ringeis is 
general, who are commonly constituted the judges of bells, (and n 
such are fee'd by the bell-founder) regard neither tune nor tone. The 
hff"ging of the bell is all they regard, that they may show that dot 
terity in change-ringing. That shape of a bell that is best for tone, (a 
long one) is not the best for hanging or ringing ; so tone is utieily dii- 
regarded^ — to please the ringers and get money, is alL In my opiuQOi 
the thinner the bell and deeper the tone the better, provided it is ool 
what they call shelly, that is like a thin shelU such a tone as the fia^ 
ments of a broken Florence flask will give. A deep lone always mif 
gests the idea of a great bell, is more grave, and better suited to the 
slow strokes of a church clock, and is heard farther. The dock el 
St Clement Danes, in your neighborhood, strikes the hour twicei 
once on the great bell in peal, and again on its octave or 12th, 1 
know not which ; listen to them and you will perceive iHiich is noet 
agreeable and best heard. The son of Mr. Thomas Eayre, who nu 
a good bell-founder, cast a dish bell, of five or six hundred weighii 
for the church clock at Boston in Lincobshire. Mr. Thomas Eayre, 
veiy early in life, made a curious chime for Sir T. Wentworth, after- 
wards Lord Malton, and father of the Marquis of Rockingham, which 
had 13 dish bells, the biggest about two hundred weight This ie at 
Harrowden, near Kettering. 



I cannot help thinking a bell of 5 or 6 hundred wei^it, of the (fish 
form, might be cast far fitter for your purpose than one of the cfanch 
form. But who shall do it? Who has had any experience of belb 
of this form ? It must also be observed, that small ^hfierences in the 
form, in the shape or thickness of the sound-bole of a chmch beU, 
will make great difiference in the tone. AU I can say is, it is not the 
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wei^ of metal, but somewhat reaulting from the shape of the belJ, 
Aat gives both freedom and depth of tone, as I can prove by many 
instimres. What that shape is that makes a bell so wUling to speak 
is m question which a good bell-founder ought to be able to answer. 
It ia a known and undoubted fact, that a bell speaks much better 
lAen both the clapper and the bell is hammer-hardened, and indien 
Ihey are woiked in to touch each other in many points. I had meo- 
tioDod this, but I supposed you would make the hammer-head of cast 
von. I think also the shape of the hammer you mention is of some 
advaalage. Mr. Thomas Eayre used to make his chime hammers of 
the shape you mention. If you make the clock to unlock by a nag's- 
haad^omtf fcc in Mr Hindley's way, then obnrvtt that if the clock 
be timed backwards, (that is, if the lifting pins be turned backwards) 
dtw die nag's-head is got under the hook of the detent, (whkh I 
can tMniMg) you will then not only draw back the hook of the de- 
tat, but may keep ii dramn bdck^ and so the clock continue to 
strike tiU it is down. Indeed, to play this perverse trick, you must 
set die dock back, at the veiy mck of time just after iMmcNg, and 
jaa must set the dock back only a very little. A blot is no blot till 
it ii kill and yet I have known the veriest fod of a parish clerk, 
wjdioat die least design, stumble on such a nicety as this, and put all 
iaio eonfusion. I must now beg the favor of Mr. Kendall to resdve 
■e a ftw questions. What number of watches he had made by order 
of Aa Board of Longitude, &c. ? The first I know was an exact copy 
cf Hairison's, or as Mr. Short phrased it, /Knit hke parts^ fcc Afisr 
I aaaled this, I recollected that above 40 years ago, Thomas Eayre 
ande a large turret dock, with quarters, for Lady £. Grermain, (now 
Lovd 6. Crermain's) at Drayton, near Thropton, Northamptonshire, 
dl die bdls d* which are dUk 6e2^ of a large siae, I know not their 
WM| ^ I suppose the biggest four hundred weight; they are heard 
agraatway. lam, &c. 

W. LUDLAM. 

From the Rec. WiUiam Ludlam io Mr. John Holmes. 
Dbab Sir, Jmmary 10, 1780. 

Many things have occurred to me, since I wrote, about the proper 
finn of a sounding body, to be struck by the clock hammer instead 
of a bell in the common form, of those made to be rung, and, of 
eoQEse, struck with a clapper. I am persuaded a shape might be 
contrived, that would give a strong, deep, clear, and lasting note, a 
note aa perfectly uniform and musical, as the deep pipe of an organ* 
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(not i^d,) and ih&t with bo light a load ou the clo^ Meals, ufcjroo- 
means to require very strong, or very large work, nor an heavy weight 
{For this, I suppose the hHinmer to have much matter in «. y« 
7 suppose the weight of that matter to rest very much on Hut aifaar 
or ajfis of the hammer.) All this I nm confident may be ; birt wtw^ 
will be at the expense of making trials, to explore this unknown re- 
gion ID die land of bclI-founding 1 who will pay for Journeys to nntai 
that great dish, eight hundred weight, very deep, but wild beD, W 
raentioaed at Boston, or those lesser ones (of 200 lb.) at Lord Rock-~ 
inghara'a near Kettering 1 Now, as this cannot be, I mean to ^ up 
my paper with an account of some curiosities in that way, wtuch K 
have actually seen. There is an instrument brought from (he EtM 
Indies, I ihiak. from China, called a gon or gong, made of hanuwr- 
ed brass, about 16 inches over. The drawing is a section of it 
See Plate XVIII. Fig. T. What ! call the sides, A A. are »boul4 
inches deep, and seem to supply the office of tbe sides of a dnin, 
while the flat part, B B. answers lo the stretched parchment, onl; 
there is a raised part in the middle, to stiffen it ; on this raised jait 
you beat, with a hall of pack-thread of 4 or 5 inches diameter, faiKMd 
lo the ead of a stick. The brass at a mean is about ^ of an inch Dudi. 
but unequaL The whole form being manifestly raised out of a fls 
plate by the hammer. The (one is amazingly deep, clear, and soaorwtf. 
The note of that I saw, and had santetiiiM in my ponwmM, M't 
an octeTft bekm tbe F-fii'let ells' in the baM: wben duttisiaqrB» 
sician can teD. Haa Captain Maxwell seen any such thing } UtifMt 
often to he found in India shops. N. B. Tbe gong ia above aa Snia- 
lowlbe deefMet chmvh bell known. Provide nowagood deardaifc 
beU of 4 or 6 inches diameter, provide a cylinder of thin tin, aee t^ & 
about Si diemeter. and 7 or 8 inches long, with a bottom wUani !■ 
it ; provide a round flat cork to fit it, to make an occMioaal balk* 
Having put the cork a little way in, set the bell. Fig. 3l,OBilBfmBi 
mouth upwards, hold the cylinder h(»izontally, with the mouth ivj 
near the edge of the bell, a very little above it ; strike tbe beU ; if 7<* 
And the sound not altered, push in tbe false bottom. At aome phce 
where the cylinder is of a |»t>per depth, suitable to tbe tone of As btL 
the sound will be increased. Cut the cylinder to this iei^A, mi i 
will do better without the cork. There is some nice^ and ma lafmij 
in finding a cylinder of s proper length ; how fax die iHmwnmt^ Aob 
it I know not ; but vbea circumstaacee an ri^t, tba aoaod m Mai 
wondezfiiDj anpnented : insomuch, that when tha aaond of Aa M- 
ked beU can no longer be heard, bring the cyliDdBr to k, m/ijf 
will ao revive and magnify Ae dying sound, Ant it amy bie jUilr 
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lieard. This was accidentally discovered by T. Eayrc who having 
« number of brass shells for clock weights, and a number of clock 
IwUs, lying on his board together, observed this effect in an high de- 
gree, from the accidental position of one of them. It is not to be 
doubted but that the ancients used brazen vessels in some such way to 
•ngment the voice of the actors in their theatres, which were so mon- 
strous large, the actor could not otherwise be heard. Now, my idea 
■ to have a vast great gong, and I would so augment the sound with 
tin or brazen vessels, that it should shake the college walls from end 
to end. At the same time, I would have the sound so deep, clear, and 
melodious, that Loi'd Sandwich himself should acknowledge its place 
in the gonauty or scale of musical sounds. This is my Utopian idea. 
I doubt not but a flat sheet of bell-metal would give a great sound. 
An kind of Metals, marble, &c. in this shape always give a great and 
free sound. 

Yours, &c. William Ludlam. 

(B.) 

Duterires Clock ^Scapemeui^ referred to at page 238, 

Plate IX. 48. 

~ A B is the wheel of arrtU^ or repose ; C D the wheel of im- 
pulse ; both having the surne number of tc€th, but difl*ering greatly 
in tbeir diameters. £ is the pallet 8cen on its arbor, in which is a 
notch, to allow the teeth of the wheel of arrfti to pass ; at the in- 
■tuit of this taking place, the teeth of the lesser wheel give impulse 
to the pallet, and, having escaped it, a tooth of the larger wheel falls 
on the circular part of the pallet arbor. 



(C). 
Amold^s detached ^icapement^ referred to^ pa<re 246, Plate IX. 51. 

61. is a detached 'scapement, as made by the late Mr. Arnold, and 
by his son, the present Mr. Arnold, for box-chronometers. The 
^wcBpemeni or balance-wheel A, having twelve teeth, is calculated to 
have m train of 14,400, and, by the seconds hand, half a second will 
be marked at every step by it, on seconds circle of the dial. The 
acting part or face of the tooth, is partly in the form of a cycloidal 
cunret and stands above the plane of the wheel, as represented in the 



edgenew pwa of it; in Ihe plane, the shaded or daric |Mrl rfte 
tooth may bo supposed either Ihe upper end or lop, or a seciiou uf 
it; the other two sides are flat, or bounded by right lines, the luusM 
of which Ibrms au angle with the tycloidal curve, and on thii auli 
Ihe wheel is locked by the spring detent C D, in which ia Mil a wmII 
bit of line stone, either of ruby or sapphire, for the purpose of ibe 
wheel being locked on it. This bit of stone may be euppoaed lob« 
put into the spring detent, ho as to stand near the point of the ad- 
justing screw b; or nearly where the letter ais. It isby tbescravi 
that the detent piece can be made to have more or less holdoflbe 
angle on the tooth. The end of the detent stone piece must be of »udi 
a length or height as to be quite free from the inside boltoin «f lb 
wheel ; R is the main pallet or roller, having an opening or notch in 
it, on one side of it, the right hand one being what is called the fac« ol' 
the pallet, in which is set a piece of precious alone, as seen nt c llii 
on it that the curved pari of the tooth acta. .\s represented in dte fi- 
gure, the tooth 1. has canied the pallet so far on, by a distance «|ual 
to that between tooth 2. and the point of the adjusting screw. Coik 
centric with the main pallet R, is a small liAing pallet d, whose m 
is to unlock the wheel, by pressing on the side end of the bfln^ 
spring D, and, carrying it so far inwards, takes the detent imd iB 
spring along with it; the detent piece of stone, by this means, gelr 
ting free of the angle of the tooth at o, the wheel gets forward lul 
the tooth 1. gives impulse to the main pallet R. During (be fiirt 
jinrt of the impulse, and before the impelling tooth gets so far oo W 
i^ here represented, or it may not take place till the tooth gets b little 
further on, the end of the lifting spring parts vilh the liAing paHeC 
il, leaving the detent and its spring at liberty ; the detent then, by 
means of its spring, comes quickly to its place at a, and, before tooth 
] . has escaped, is ready to receive tooth 3. and lock it. On the ba- 
lance returning from the vibration given by this impulse, the paBet 
(/, meeting with the end of the delicate lifling spring, carries it so fitf 
outwards, and then parts with it to complete its vibration on this side. 
|[ is evident that the point of the adjusting screw oppoaea the detent 
being carried that way, although the lifting spring is not, and yet it a 
at the same time connected mtii the detent spring, but estetids so far 
beyond the end of the detent spring, that the UAing pallet d, whether 
going or returning, caimot touch it, but cannot pass either way with* 
out meeting with the sides at the end of the lifting spring, and wotfcii^ 
on it. The detent spring is screwed to one of the frame plates, by the 
paume, or sole, near to which it is made very tiua and weak ; and at 
this place, the centre of motion of the detent piece may be Buppoasd 
ill lie. The Uftiug spring is pinned by one «nd to the side of the 
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N\ hen it is screwed into this stud, the detent will have leas boM of th^^^ 
tooth, and vice versa. Y is a delicate spring attached to the 
.^ide of the detent spring, and which is called the lifting spring. 
end of the detent spring is bent a very little, so that the free end of* 
(he lifting spring may boar only on the inward bent point at o. Con- 
centric with the main pallet, is the small lifting pallet n, which is flat 
on the face, or lifting side, and tapered or rounded off on the oppo- 
site side. Its position in the figure represents it coming with its &oe 
against the lifting spring, which it would carry away with it ; but tlii 
cannot have place, without taking along with it the detent spriqgi 
and consequently the detent is carried out from locking a tooth of 
the wheel at D. By this time the main pallet has got so fiir fonrard, 
as to be in the way of receiving impulse from the tooth B, and l»- 
forc it can escape, the lifting pallet parts with the end of the lifting 
spring, and leaves the detent and detent-spring immediately lo x^ 
s\imo their place. The detent will then be ready to receive the toodi 
i.% by which the wheel is again locked. The balance having perfonn- 
cd this vibration, by the impulse given, returns, and with it the lift- 
ing pallet n, the tapered side of which will press the lifting spring 
inwards, but cannot carry the detent spring with it, this being pl^ 
vented by the inside part of the head of the adjusting screw m ; after 
j)iissing the lifting spring, it goes along with the vibmtion of the bil- 
anco, on whose return the face of it will again meet with the lifting 
s])riiig ; unlocking then takes phicc, and so on. The unlockii^ 
]\vrr is pertbnned by carrying the detent outward from the centre of 
th'^ wheel, which is locked by the extreme points of the teeth. Mr. 
Kariishaw gives as a nilo for making the inclination of the faces of 
tlu; teeth, and main pallet, that they should be in a line drawn from 
the points of the teeth, as a tangent to a circle whose diameter is half 
o\' that of the wheel ; and the same rule is used for the face of the 
p.illct, which is shown by the dotted lines and circle in the figure- 
V- the detent stone-piece on which the tooth D is locked, being set 
into that side of the detent spring, lying undermost in the figure, it 
nmnot therefore he well represented here. The points or dots at 
tlic letters A- and a, show the relative positions of being locked and 
unlocked. The flat part of the stone detent goes a very little way 
in, as at Ar, to receive the point of the tooth A, on the opposite side 
of the wheel, when locking is supposed ; and at unlocking the dot at 
n. may be supposed to be the utmost extent of the detent, when car- 
ried out by the detent, and lifting springs at that time. The detent 
-pring lies above, and clear of the wheel, and the detent stone-piece, 
may be either a semi-cylinder or an angular piece. A flat aide is 
however, in either way, requisite for the tooth rtf the wheel to lock on 
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the wheel, and the pallet face bein^; brought h> a part wtiera ■!■ odgs. 
as seen in the figure, would be ready lo receive impulse from one of 
the upright teeth- The action of this 'ecapement is qiiitA the saioa 
BB thai of the others- The great diScrence of radius in the diante< 
ler of the wheel of impulse, and of the locking wheel, causes this to prCM 
tvith less force on the detent, than those which have been mentioned ; 
the unlocking is outwards, or receding from the extremities of the pointt 
of the teeth, and when locked, the roller stands ftee between the tneth d( 
impulse. 



P. Le R^y't Marine Timekeeper, referred to, psges 238 and 
Plate X/. 61. 



i 



Gl. IS a perspective view of the balance, the compennalioii, ( 
other parts connected with it, in M. P. Lo Roy's marine timekeeper, 
tried by order of the King of France, in a voyage on board the Lively 
frigate in the year 1768. From ils good performance, a prize wu 
awarded to him by the Royal Academy of Sciences. The balance. 
or regulator, V V V V, of this timekeeper ivas steel ; it was four 
inches in diameter, weighed live ounces, and was fixed on an (trbor 
A A) about five inches long. A brass frame or mounting, t, z, t, 
I. X, X, to which the movement is fixed, keeps the balance horizon- 
iftlly suspended by the upper end of its arbor, by means of F, a verj 
line harpsichord wire, lo which it is attached; the length of the wire 
IS three inches or so, forming one vertical right line with the sxii. 
Tho movement cannot well be seen here, being behind the apptt 
part of the brass mounting ; Ihe dark shade is part of the dial. The 
iimekeeper goes 3S hours, and has no equalizing for the main-f^mng, 
liv moans of a fusee; the balance-wheel is a star of six radii, of 
teeth, and extremely light ; it giveii impulse lo a pallet on the iippei 
side of the rim of the balance at every alternate vibralion ; and lb« 
'.-rapemenl is a free or detached ono. In order that the balance amf 
turn freely on its axis, each of ilc» pivots is retained, with proper play. 
bt'lween four rollers turning freely in two i^mall frames, c c, c c,oiu 
lor the lower pivot, tL\ed to the under pari of the brass mounting ; 
the upper pivot runs in the uppermost frames, fixed to the braw 
iiiouiiling also, at a little distance from (he lower end of the hsipsi- 
•.'bord or suspending wire. The whole is arranged with Ihe neceswr; 
precautions, so that the wire and the axis of the balance may fomi 
always one vertical right hne. The balance, thus suspended, would 
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"WkAb fSmtioiM, each of which would take about 20 aeconds of timet 

kf maani of the elasticitj of the wire of suspenaoii. Two spiral 

apmgs st|S«» like those which serve a^ main-springs to conunon 

watehesy are adjusted to the lower end of the balance arbor* by means 

cf dieir collets or virrels, like what the spiral or pendulum springs 

in ordinary watches, and are placed opposite each other in a 

of equilibrium absolutely at rest, so as to cause the vibretions 

to be made in half a second. The shding cocks d d^ serve to ad- 

joBl, to any positioii, the pendulum springs, whose outer ends are 

filed to these cocks. To regulate the time-ke^)er there is placed, 

near to tiie lower end of the balance arbor^ a small plain circular 

cioiaed wheel 6 G, on the upper side of which, and diametrically 

cppoai t e, two studs are fixed, through which the two screws js G, 2: G, 

pass in soch a manner, that turning them by the hand wiU make 

dieni eome equalty nearer to, or farther from the aii>or. These 

serawsy by their mass, which can be diminished at pleasure, according 

to the exigency of the case, can be made to describe a great space, 

and aDow the machine to be regulated in the nicest manner. I£ the 

efleels of beat and cold were of short duration, the inconveniences 

Aal have been exposed might be neglected; but as the machine may 

bo placed so as to undergo such triab of temperature for six months 

at a timey it is obvious that the vibrations of difierent extent of the 

ngniator, having then no longer the isochronism required, the causes 

lAieh wifjbit be able to vary the largraiess of the vibrations, would 

eoosideiably alter the regularity of the timekeeper. 

^ Convinced of the principle," says Le Roy, " that I have just 
eatahllahnd. to compensate the effect of difierent ten^ratures on my 
I tock quite a new way. I adapted to the balance several 
bars of brass and steel, disposed in such a manner, that, by their 
i—giiiAntng in heat, or shortening in cold, they were brought nearer 
lo or frither firom its centre ; two considerable parts of its mass, 
placed each at the extremity of a lever, and diametrically opposite.* 
By die calculation which I had made of it, it appeared that the 
iriicde mass of the bahince approached to or receded from the centre 
of die balance about -^ih of a line, to compensate a variation in heat, 
which would have produced one second out of 15 in an hour in the 
going of the watch. The inconvenience of the preceding method 
made me soon give it up ; the play of the levers or bars, and the 
muDi of solidity of the balance, produced errors greater than those 
irfHch I wanted to compensate. This made me have recourse to a 

^ This method, or somethini^ tik« it, was on«e used by the late Mr. Arnold. 
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method whidi «fl«rwartlM nnawcred my utmost cxpectalmw i i 
sisis in the applio.alion to the hnlnjicn of two smsll ihnrmometet^a 
(I, II, It, It, made each of a gloss lube, bent and opeii at one end, aix^ 
having a ball nl the other. 

"These ihermometers, compOKcd or mercury and spirit of wine, woulca 
have formed nach an exHcl [iBralle Jog rain, if Iho u|^r iride, wtticlE=: 
carries ihe ball wherein Ihu spirit of wine is coutaincd, and partly w=z 
Ibis side of it, had not been a little inclined. Both those theniiv^ 
meters are adjusted firmly to the axis uf th« liiilaiice. and in nppoiii— 
linn to each other, in such a manner thnt the axes of their tubef. wmF 
ihai of the balance, meet in the same plauo which inWrsecta Ihe bttll» 
iti Ihe middle. It must bo uiidorBtoud, previous to oxplnining dii* 
compensatiiH], that the mercury 6II11 tlie Iowit side of the tube, ud 
about half way up the «dc [wrts of it. Il will be easily conceived hoir 
this couslmclion prodiicen the compoiinKttinn required. The tbenno- 
melers, making pari of the regulator, or balance, when the spirit W 
wine, by its e.xpanaiou, pushes a part of lh« mercuiy of the oulw, 
branch of Ihe tubf! ( (, towards that which is tioai the axis of in» 
Hon ; a portion of the mercury, tin part of Ihe mass of (he reguhUiv. 
parses then from its circumferem^e lownrda its centre. &i the mew 
of lemperattire, for example, the mercury occupies the tube* half 
way Up in each side ; whereas, in cxtremo cold, when the thnrmunifr 
ter of Reaumur is — 15°, or thai of Fdiranheit. 33.76° b^ow the fressiiv 
point, or — 1.75°, the outward branch of tlie tube is filled with meicii' 
r)', whilsl \\s\ inward corresponding branch is enijity ; and as the nwss 
lii the balance resisU, in the ratio of the square of ils distance Iruni 
Ih'- centre, there evidently follows from ihia a compensiation. If ^ 
chronometer goes slow, from a loss in the elasticity of llie springs 
mid from the expansion of Ihe balance by loo great a heal, it is com- 
pcnRsTed by less weight or mass at the circumference of the r«gul«- 
lor ; and, vict versa, in Ihe passage to cold, this effect is so much llw 
more sure, as there is no shake or play to he apprehended here. B*- 
stAcs ihe expansion of Ihe spirit of wine by heal, and its contnclioa 
by cold, arc constant effect:;, as hnve been found by experience witb 
ihrrmometers of this liquor, which had lost nothing of their exnclnm 
lit the end of thirty years. From the calculation made for tliese tlls^ 
mometers, il was found necessary to have them in the forni repw- 
soiled h^e, by bringing Hic balls near to the centre ol' ihe bulaoco, 
in order to diminish thai resistance of tfa« air lo its motion, which i' 
»'iuld have experienced, had the balls been placed al, ar near ^ 
circumference." 
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€1. Nob. 1. and 2. are more distinct views of the thermometers 
iployed by Le Roy in the compensation of his time-keeper. 

(G.> 

Month Clocks^ referred (o, po^e 36. 

In clocks going a month or upwards, the first and second wheels 
ihould be on the lefl side of the frame, in order that the cord should 
lead off firom the barrel, on that side next the first pinion. An eight- 
day clock should have the barrel on the right hand side, for the like 
rBBBon* We have made an eight-day clock, with two wheels trans- 
mitting their force to the centre pinion ; in this case, the barrel was 
put to the left side ; the great wheel here was 96, the second 90, its 
pinion 30, the centre pinion 24 ; 96 x 90 -s- 30 X 24 = 12, the num- 
ber of hours for one turn of the barrel. In a clock going a month or 
more, it is indispensable to have two wheeb to transmit the force to 
the centre pinion, though not so in an eight^day one. In whichever 
way the hour-hand is carried about, it may not be amiss to have a 
counterpoise to the minute hand; the spring to the minute pipe- 
wheel is commonly put on by a round hole, and sometimes by a 
square hole, fitted on a square made to the outside of the fore pivot 
of the centre pinion ; for common clocks, this may perhaps serve 
well enou^ The kind of spring we have made to some clocks, had 
a socket underneath, the depth or height about one-tenth of an inch 
neariy; this was fitted to a part of the pivot outside, and a very 
little twisting on it made it hold surprisingly fast; the minute pipe* 
OD one end, had a plain or flat sort of a wheel, in diameter an inch 
or more, against which the spring pressed when the minute hand 
was by its collet pinned down ; a spring-kind of socket was put on 
Ae minute pipe, from which an arm projected in a direction oppo- 
se to that of the minute hand, having at its end such a weight, so as it 
could be made in equipoise with that of the minute hand. By this 
means, the minute hand could be set pleasantly, and with the greatest 
precision. 
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